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USAF SCQN 75-20B AFIT Control Number _LSSR 16-80
AFIT RESEARCH ASSESSMENT

The purpose of this questionnaire is to determine the potential for current
and future applications cf AFIT thesis research. Please return completed
questionnaires to: AFIT/ LSH (Thesis Feedback), Wright-Patterson AFB,

Ohio 45433. '

1. Did this research contribute to a current Air Force project?
a. Yes b. Neo

2. Do you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if AFIT had not researched it?

-

a. Yes b. No

3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT performing the research.
Can you estimate what this research would have cost if it had been
accamplished under contract or if it had been done in-house in terms of man-
power and/or dollars?

a. Man-years : s (Contract) .
b. Man-years $ (In-house) .

4. Often it is not possible to attach equivalent dollar values to research,
although the results of the research may, in fact, be portant. Whether or

not you were able to establish an equivalent value for chis research (3 above),
© what is your estimate of its significance?

a. Highly b. Significant <. Slightly d. Cf Ne
Significant Significant Significance
S. Coments:
Name and Grade Position

Organizaticn location
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Chapter 1
INTRODUCTION

PRODUCTIVITY IN THE FEDERAL GOVERNMENT/
DEPARTMENT OF DEFENSE

The United States Government is one of the largest
"hbusinesses" in the world with annual expenditures in the
billions of dollars and with hundreds of thousands of
employees. Yet the government differs from even the smallest
businesses in the private sector for one reason: the profit
motive. This lack of a profit motive denies government man-
agers *he opportunity to state objectives in monetary terms.,
Goals stated'in monetary terms are relatively easy for top
management to promulgate and for subordinate managers to
agree on. Additionally, the profit orientation provides an
overriding goal which is clearly discernible throughout all
subsequent levels of control. Within the government sector,
managers must attempt to substitute profit margin measures
with more intangible goals such as "national defense" (in
the case of DOD). This difference has been pointed out by

Mundel in the following manner:

In upper-level control cycles in indus+try (top
management controls), objectives are usually stated in
net aconomic results desired. 1In the case of a non-
economically motivated organization, such as government,
objectives are stated in social or appropriate sub-
stantive results [26:22].




Thus, within government, it is difficult to establish a
] clear set of quantifiable organizational objectives (at
} least in terms of profit).

A recent study by H. G. Rainey pointed out that

government organizations, as compared to private businesses,

tend to have:

& (1) greater multiplicity and diversity of objectives
‘ {2) greater vagueness and intangibility of objec-
tives

(3) greater tendency of goals to be conflicting

(4) greater caution and rigidity, less innovative-
ness [31:233-2441.

i
%

f'd Since productivity is defined as a ratio of output over
{ input with goals considered, these findings point out why it
i is much more difficult to establish meaningful productivity
% measures in government than in private industry.

: Peter Drucker pointed out ancther difference between

4;
1
i
1

private business and government institutions which impacts
- productivity. Businesses are paid only when they produce
what the customer is willing to pay for. Government insti-

 § tutions, in contrast, are typically paid out of a budget

z
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allocation.

Efficiency and cost control, however much they are
preached, are not really considered virtues in the {
o budget-based institution. The importance of a budget- T
: based institution is measured essentially by the size
of its budget and the size of its staff [7].

Drucker does not recommend a better way to fund government
organizations but he does believe that the inherent inef-

ficiency can be largely offset through effective management.
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One way of enhancing effective management is through the
develcpment and use of productivity measurements as will be
discussed later.

Even though multiple, diverse, vague, intangikle,
and scometimes conflicting goals confound the development of
preductivity measures, these measures must be developed
within government (including DOD and its branches). There
is a great deal of concern about the productivity of the
government sector.

Public resources are squeezed between expanding
public demands for services and the rising cost of
meeting those needs, on the one hand, and a growing
resistance on the part of the public to provide more
resources through higher taxes, on the other. One
answer to this dilemma is improved productivity [27].

The energy crisis, inflation, and increasing public interest
in government expenditures have severely limited the funds
available to the government and particularly to the Depart-
ment of Defense and have forced government organizations
into fierce competition for available tax dollars. The net
result is that DOD is called upon to accomplish "more with
less." The need to do more with less within the DOD is
reflected in recent gtatistics. While the federal govern-
ment's spending increased nearly $50 billion from 1972 to
1977 (in current 1977 dollars), the DOD budget allocation
declined by $17 billion during the same time period (3:2).
As a result, DOD has placed much emphasis on productivity

(12; 21; 30).
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The USAF, as a component of DOD, has also inherited
this problem of doing more with lesc. Consequently, the
concern about productivity has been reflected in many state-
ments made by USAF leaders. Louis L. Wilson, General, USAF,
summarized the Air Force's promotion of productivity while

Inspector General of the USATF with this statement:

The Air Force 1is facing one of the most austere times

in its history. In spite of increased defenze budgets
our buying power has erecded, with the net result that
we have to do more with less. To meet this challenge,
we need to rully utilize our most costly and important
resource—people—>by instilling in them a sense of
urgengy about their important rcle in the conduct of the
Nation's critical enterprise-—~—national security--and
in doing so we must increase their productivity {[45:2].
The USAF's emphasis on the efficient and effective resource
management has been constantly reflected in numerous
articles published throughout the 1970s (6; 14; 15; 19; 22;
23; 32; 36; 37: 44; 45).

The need for productivity improvement has not gone
unnoticed by Air Force Civil Engineering (AFCE), which is
respongible for the operation and maintenance of approxi-
mately $17.8 billion worth of Air Force real property (i.e.,
buildings and permanently installed egquipment) throughout
the world. This operation normally requires an annual
expenditure of approximately $1.3 billion. As these figures
indicate, inefficient use of resources by AFCE organizations

would have a significant impact on the overall DOD produc-

tivity level (3: ).
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All past Directors of Civil Engineering in the
19705 have expressed their concern for increasing the pro-

ductivity of the Base Civil Engineering (BCE) work force

} (15; 22; 36; 37). The most recent affirmation of this con-

TR

cern was made by the present Director of Engineering and

Services with his statement:

It is quite apparent that the cost of resources,
in particular labor and material, will continue to
skyrocket in the 1980s. We will have to attack this
isgue by improving prodactivity, that is by improving
the efficiency of our work through better mixes of such
resources as labor, equipment, materials and time, and
by improving the effectiveness of our final work pro-
ducts. Efficiency means the competent accomplishment
of a job with a minimum expenditure of resources.

Effectiveness means that the completed job satisfies
its intended purpose [14:4].

- R o
et B e 2 e T

General Gilbert further clarifies his position with regards

. 1PN

to managing productivity:

Managers at all levels will have to become more
aware of the factors that impact upon productivity and
possess some type of capability to assess their local
condition. Each civil engineering sguadrom will have
to concentrate on deoing each work task efficiently and
to organize the entire work accomplishment process so that

the results are effective in supporting the local base
, mission [14:4,5].

%, These last two statements imply the need for managers to be

able to measure productivity levels.

This concern and emphasis on productivity within the

o

Department of Defense led to the issuance of the Department
' of Defense Directive 5010.31, "Productivity Enhancement,
Measurement and Evaluation-—Policies and Responsibilities,"

B g on August 4, 1975, and its reissuance and update for




continuing the DOD Productivity Program on April 27, 1979.
The primary objective and scope of this program is stated
as follows:

. - . to achieve optimum productivity growth
(increase the amount of goods produced or services ren-
dered in relation to the amount of resources expended)
throughout the Department of Defense. Productivity
. increases are vitally needed to help offset increased
personnel costs, free funds for other priority require-
ments, and reduce the unit cost of necessary goods and
services [43:11.

jaﬁ This DOD Productivity Program will be discussed in more
;‘ detail in the Literature Review section.
iﬁﬁ In summary, the government of the United States is
! one of the largest "businesses" in the world, but differs
X from private businesses since it is a nonprofit motivated,
: budget-based organization. These factors make productivity
i measurement difficult in that goals tend to be multiple,
i . diverse, and vague; and productivity may be influenced by
budget constraints. Even so, the current economic situation

and increasing public interest in government expenditures

have mandated that all DOD components become more productive.
Top managers within DOD and its components have recognized
this fact and have directed that 2 DOD Froductivity Program
be implemented. However, befq;e such a program can be
implemented, productivity measures must be developed.

Thus, the need for output measures and subsequent
productivity measures has resulted from the need to make the

# most efficient use of manpower, money, materials, equipment,
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and time (inputs) in order to achieve organizational objec-
tives. Base level managers attempt to solve this probiem by
devising their own organizational and operational techniques.
Productivity throughout AFCE would be enhanced if base level
managers were to communicate with each other on the nature
and merits of varied management techniques which have been
tried. One basic reason why satisfactory communication is
not possible at present is the lack of quantitative and
applicable standards of productivity measurement. An attempt
to contribute to productivity improvement by considering and
evaluating approaches to the development and use aof adequate
productivity measuremmnts for the appraisal of work within
the design section of a BCE organization is needed and is the
subject of this thesis. Before this attempt is discussed in
any further detail, a review of the general structure and

goals of the design section of a BCE organization is needed.
STRUCTURE AND GOALS

The design section of a BCE organization is just one
part of a world-wide AFCE organization whose mission is to
"acquire, construct, maintain, and operate real property
facilities and provide related management, engineering, and
support work and services [40:2]." The Engineering and
Environmental Planning Branch (DEEP), of which the design
gection (L.ED) is a part, contributes to this overall mission

by assuming the respcnsibility of the design of facility

7
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projects, construction manacement, technical reviews of
project documents/designs, professional engineering consul-
tant services, and technical studies. A recent thesis by
Baumgartel and Johnson (3) identified the following objec-
tives for DEED:
1. Facility Life Cycle Cost
A. Identify and program Military Construction

Projects (MCP) projects, and monitor
approval, design and construction phases to

ensure maximum durability and maintainability

of accepted facilities.

B. Ensure in-house design complies with AFM

88~15 and applicable building codes.
2. PFacility Function

A. Ensure new construction projects are identi-
fied, programmed and designed in a timely
manner, and are designed and located in
accordance with the user's reguirements.

B. Identify, program, and design contract cor-
rections to facilities which are function-
ally inadequate for mission requirements.

3. PFacility Protection

A. Ensure corrective contract actions for
identified facility fire, safety, and secu-
rity deficiencies are programmed, designed,
and completed in a timely manner.

B. Ensure new contract work complies with
regional requirements for structural pro-
tection against weather and earthquake-
related forces.

4. Facility Occupant/User Requirements

A, Complete architectural studies of facilities
to identify inadequate aesthetic conditions
and facility deficiencies contributing to
occupant discomfort.

B. Ensure designed procjects comply with appli-~-
cable life safety and public health code
requirements.

C. Ensure identified facility life safety and
health code deficiencies requiring contract
corrective action are programmed, designed,
and completed in a timely manner.

D. Identify, program, and specify custodial
contracts required for base facilities and
ensure contractor compliance with the con-
tractral requirements.

8
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5. Other Non-facility Requirements
A. Provide professional architectural and
engineering assistance to operations branch
and to other organizations as required
[3:82,83].

A review of these goals confirms a previous statement that
goals in government organizations tend to be multiple,
diverse, and vague. Thus, in setting objectives, the most
difficult task is to define measurable objectives that truly
represent the output or achievement of an individual manager
and his organization.

The above goals must be stated in quantifiable terms
as section cbjectives to be useful to the manager. One way
objectives can be quantified is to identify quantifiable
output and to state organizational objectives in terms of

this output. In quantifying their output, managers must be

careful to count those things that measure the organizational

goals. This is a most difficult task in the design section
as output ranges from such gquantifiable items as project
drawings, specifications, and cost estimates to such gquali-
tative items as consultant services, customer satisfaction,
and applicability of designs to construction codes and user
requirements. Since this section's output is so diverse,
it is obvious that no one output measure would adequately
qguantify all the work accomplished by this section. For
this reason, multiple measures must be developed to ade-

guately measure the productivity of this section.
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PRODUCTIVITY AND QUTPUT MEASURES

General

Thus far, the nature of productivity in the federal
government, the government emphasis on productivity, and the
DOD Productivity Program have been discussed, but how dces
this justify the need to develop output measures? The uis-
cussion to follow on the relationship of productivity to
output measures will answer this question.

Productivity has been previously defined as a ratio
of output versus input with goals considered (i.e., goal
directed efficiency). Thus, a productivity measurement is a
ratio of measured output (i.e., units produced) to measured
input (i,e., cost to produce those units) over a period of
time where the output is directed toward achieving an
organizational goal and the input is expended on producing
that output. This definition of productivity measurement
implies two important concepts. First, productivity is a
"multivalued" concept. Second, productivity measurement is
considered as a rate measurement.

Productivity is thus a combination of efficiency and
effectiveness. An organization can be efficient without
being productive. If the efficiency is not directed toward
achieving an organizational goal, then the organization is
not productive. The organization could be very efficient

{maximum output/input) at producing A, but if B is oqur goal,

10
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then the organization is not productive. Likewise, an
organization can be effective without being productive. If
the organization is meeting its goals (effective) but is
wasting resources {(inefficient) in the process, then the
organization is not productive. Therefore, any reference
to productivity implies both efficiency and effectiveness.

A productivity measurement can be taken at any given

point in time, but it has no meaning unless compared to some

standard or trend. For example, one particular productivity
measure may be defined as construction costs of a group of
projects (output) divided by design costs (input). A
neasurement for one time period may result in a valie of 10.
What does the number 10 indicate? By itself, it indicates
nothing, but when compared to a previous measurement from

! earlier time periods or to a target, it has some meaning.

If previous measurements were 20 and 15, then 10 indicates

that this productivity measure is getting worse. Thus,

= intangible goal achievement is best measured as a relative

measure rather than an absolute measure.

These two previous examples point out the important 3
aspects of productivity measurement. First, organizational j
goals must be defined. Second, output must be measurable

(quantifiable). Third, inputs must be measurable (quanti- !
fiable). Fourth, a time period for the measurement must be

specified. Within the design section of the BCE organiza-

tion, goals have been identified (but not yet in quantitative
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terms), inputs are measurable, and a time period can be
specified. The major missing piece of the puzzle is output
measures. Thus, if output measures can he develcoped, the
puzzle will be complete and productivity measures can be
developed which will enable design section managers to

measure productivity levels.

Definition of Terms

To eliminate conflicts which may arise from varying
definitions and terminology used in the field, the following
definitions, used for this research, are provided:

Input-~the quantity of resources used by the organi-
zation during a specified period of time; rescurces con-
sumed. Resources include personnel, costs, raw materials,
facilities, budgets, supplies, and information. All inputs
aggregated together must be of the same dimensional units.

Qutput--the gquantity of goods, products, and services
produced or provided during a specified period of time;
results achieved.

Efficiency--the ratio of output to input; implies
achieving results with minimal expenditure of resources:
does not imply the appropriateness of the output to goal
attainment.

Effectiveness--a measure of how well an organizution

is progressing towards its goals; achieving results at all

costs oir where cost is not a critical problem.

12




Goals--the strategic level organizational goals
that relate the activities of a base level AFCE organization
to its environment.

Objectives--the desired future conditions that are
subgoals of the strategic level organizational goals which
a base level AFCE organization branch wants to achieve
through its activities.

Performance Indicator--the ratio of the actual to

the desired output of a specific base level AFCE crganiza-
tion branch level activity in terms of guantity, quality,
timeliness, and customer satisfaction.

Productivity-—-the measure of the effective and

efficient use of resources to attain results which are
directed towards achieving the strategic level organizational
goals, through the branch level objectives. Productivity

will be measured as a ratio of output to input.
BENEFITS OF PRODUCTIVITY MEASUREMENT

Productivity measurements are powerful tools for
any manager. Even though these tools are more difficult to
develop within military organizations because of substantive
goals and policy constraints, somc type of productivity
measure is assential to assist management. The development
of productivity measures will ultimately lead to better
management in the areas of current operations and future

operations (24:2-1).
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In current operations, productivity measures will
help management to okbjectively identify efficient operations,
to identify and take effective, timely remedial action in
potential trouble areas, to compare the relative production
efficiency'of similar functions performed on different
bases, and to improve productivity and the methods and stan-
dards of operation (24:2-1).

As an aid in future planning, productivity measures
will help managers to improve the planned allocation of
rescurces; to improve the evaluation of effects of policy
constraints by evaluating the feasibility (costs) of exter-
nally imposed constraints; and, to improve the integration of
present policies with contingency requirements (24:2-2). By
studying productivity measures,'managers can more effectively
test the feasibility and analyze the effect of various
manageme at bolicies. Since productivity measures can be
used analytically, managers will be able to predict the
advantages/disadvantages of both internal and external
policy constraints on their organization's productivity.
Productivity measures will indicate the poteﬁtial effect of
current nanpower policies on the ability of the organization
to meet its gnals (projected workload).

Thus, the benefits of productivity measures are
many. However, as previously stated, these measures cannot

be developed without quantifiable output.

14
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SUMMARY

Because of the nature of government organizations,
productivity measurement is difficult. Goals tend to be
multiple, diverse, and vague; output tends to be substantive
and hard to guantify. The intense competition for available
resources within the federal government has necessitated
that DOD and its components become more productive. Recog=-
nizing this fact, DCD leaders have directed that a DOD
Productivity Program be implemented. Before such a program
can be implemented, productivity measures must be developed.

Productivity is a “"multivalued" concept which
includes both efficiency and effectiveness. A productivity
measure has four parameters: defined organizational geoals,
measurable output, measurable input, and a time frame for
these measurements and goals. Output measures have not been
identified for the design section of the HCE organization.
If output measures can be developed for this section, sec-
tion managers will be able to measure productivity levels
since the other three paraieters presently exist.

Productivity measurement is important to managers
because it will ultimately lead to better management in the
areas of current and future operations. However, before
these benefits can be realized, output and productivity

measures must be developed.
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Chapter 2
LITERATURE REVIEW

Before describing the research methodology designed
to tackle the problem described in the previous chapter, a
review of pertinent literature is required to familiarize
the reader with previous studies associated with produc-
tivity measurement and their applicability to the develop-
ment of productivity measures for the design section of a
base level AFCE organization. This literature review will
lead to the formalization of the problem statement for this
research and will summarize the pertinent information that
is needed to understand the contribution of this regearch to
the current body of knowledge concerning productivity mea-

surement in the AFCE organization.
DOD PRODUCTIVITY PROGRBM

The Department of Defense issued DOD Directive
5010.31, "Productivity Enhancement, Measurement and Evalua-
tion—Policies and Responsibilities," on August 4, 1975.
This directive established the DOD Productivity Program. In
conjunction with this directive, DOD Instruction 5010. 34,
"Productivity Enhancement, Measurement, and Evaluation—

Operating Guidelines and Reportiag Instructions,” was

16
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issued on the same date. This instruction applies to all
Department of Defense agencies.

This instruction identified three goals for the
head of each DOD component:

1. Establish annual productivity improvement goals
(preferably by type of support functioa) for his
Department/Agency.

2. Appropriately subdivide annual productivity
irprovement goals by major command and operating agency
prior to the Leginning of «¢ach fiscal year.

3. Advise the Secretary of Defense, by October 31
of each year, of the Department/Agency productivity
improvemeat goals and the subdivisions thereof [43:2].

The instruction further stipulated that "each DOD
component shall implement a Department/Agency-~wide Produc-
tivity Program ([43:2]." These programs were to contain the
following minimum provisions:

1. Priority emphasis on productivity enhancement
at .all organizational levels.

2. Maximum use of existing resource management
systems established under DOD Directive 7000.1, Resource
Management Systems of the Department of Defense, dated
August 22, 1966.

3. Development and appropriate use of productivity
evaluation indicators [ productivity measurements] which
represent true measures cf the primary workload or
mission for each function included under the Productivity
Program.

4. Accumulation of productivity data (units of
goods produced or services rendered [output] and
resources expended [input]) by major command and operat-
ing agency for each applicable function.

5. Utilization of productivity and pexformance
data in the development cf requirements and allocations
of manpower and fund resources.

6. Adequate staffing and training of personnel to
sustain a viable Productivity Program.

7. Periodic field reviews to assess program
effectiveness [43:3].

17
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T To assist agencies in implementing this program,
this DOD Instruction contains a section on productivity
measurement and evaluation. Within this section, various
organizational functions and suggested output indicators
(measures) for the functions are listed. These output

indicators are to be related to inputs to form a productivity

index. This productivity index may be expressed as a dollar
#J productivity index, a ratio of outputs to dollar rescurces
; expended, or as a labor productivity index, a ratio of out-
? puts to labor rescurces expended. Note that this is consis-
‘fi tent with the terminology used in this thesis.
i A review of the list of functions and suggested out-
¢ put measures reveals that no measures are listed for the
&f USAF civil enginegring function. This further justifies the
1: need for this research. Before civil engineering managers
can implement a productivity program and comply with the

i minimum provisions of this DOD Directive, they must be able

to measure output. Thus, this research will contribute to

the implementation of the DOD Productivity Program within
the civil engineering function (specifically, the design

section) as specified in DOD Directive 5010.31.
BAUMGARTEL AND JOHNSON THESIS

A thesis accomplished at the Air Force Institute of
Technology, School of Systems and Logistics, by the team of

Baumgartel and Johnson (3) attempted to resolve this problem

18

B i . ol ot kBt o i o cntn . St e SN _ ot il




of productivity measurement within a base civil engineering
organization. The objectives of their research were to:
(1) develop strategic level organizational goals and branch
level objectives of a BCE corganization through synthesis
of published Department of Defense (DOD) and Air Force poiicy
directives and guidance; and (2) to determine if branch level
activity output data in terms of guantity, gquality, timeli-
ness and customer satisfaction is currently recorded manually
or through automated systems to establish performance indi-
cators to complete a productivity measurement model for a
base level USAF civil engineering organization (3:29).

This team conducted an extensive literature review
of the many aspects of productivity and the various methods
of preductivity measurement.l Based upon their literature
review, they concludedrthat the most appropriate method for
measuring productivity in an AFCE organization was by a
series of output-input measurementé that are goal cciented.
The output should be an indicator of performance and the
input should be an indicator of the total resources required
to obtain the performance level. Also, the measurement
method should interface with the existing management infor-
mation system (BEAMS), to avoid additional administrative

work (3:22). These conclusions were reached by noting that

1If the reader desires a more extensive review of
productivity and its measurement, we guggest that the reader
examine the Baumgartel and Johnson thesis (see Bibliography).
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AFCE managers cften attempt to evaluate their mission
accomplishment by relying on a variety of output and input
indicators (i.e., existing management information systems,
status charts, and commander's update briefings). Output
to input comparisons are sometimes available, but become
obscured in the bulk of the indicators which deal only with
inputs or outputs. A problem arises in that the output
indicators generally center on branch or section activities
rather than objectives.

To establish a link between the actual output and
the objectives of the branch, Baumgartel and Johnson
developed a productivity measurement model based upon a net-
work of performance indicator/input ratios. The performance
indicators are ratios of actual to desired outputs of
specific civii engineering branch level activities in terms
of quantity, quality, timeliness, and customer satisfaction.
The .nputs are total resources (in dollars) used to obtain
the specific branch activities; input information is avail-
able directly from existing automated products from the
Base Engineer Automated Management System (BEAMS), as out-
lined in AFM 171-200, and the Resource Management System
automated products as outlined in AFM 178-6. The produc-
tivity for a branch would be egual to the sum of that
branch's performarce indicators for all of its objectives
and goals, divided by the total input to the branch

(expressed in dollars). Thus, productivity measurement
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would be accompllished at the organization and branch levels,
and would not he applicable to individuvual worker produc-
tivity. These productivity measurements could be computed
periodically and compared to previcus period measurements
to allow the AFCE manager to analyze for trends.

Thus, the produccivity measurement model focuses on

outputs in terms of performance realized from a given level

e of rescurces consumed. The model is structured around a
B framework of strategic level organizational goals and the

i supporting branch level objectives and a number of ocutput
fj measures (performance indicators) which relate to the

! attainment of the gocals. Also, the model focuses on stra-
tegic level organizational goals, not on: (1) internal
organizational goals, such as training, work, safetf, and
{fg inventory control; (2) individual participant goals;

(3) external users' goals; or (4) base command goals. After

a thorough review of published DOD and USAF policy direc-

tives and guidance, Baumgartel and Johnson listed the objec-
tives of each branch of civil engineering. The list of

objectives they identified for the design section was pre-

8 viously stated in this thesis.

R I

Once the strategic level organizational goals and
supporting branch objectives were developed, performance

indicators relating to each cbjective were developed. The

only quantitative performance indicators develcoped for the

design section were the following: g
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1. Average Pavement Index/Desired Average

2. Percent Work Orders in Work Stoppage/Percent
Desired

3. Number of Facility Inspections/Scheduled

Inspections

4. Number of Projects Completed Per Period/Average

Number

;. 5. Percent Facilities with Custodial Contracts/
Sl Percent Authorized 1
|

6. Average Work Order Review Time/Desired Review
!

[ Time

A
v{ A review of the design section's objectives reveals that !

Py this list is not complete. y

i Recognizing this inadequacy, Baumgartel and Johnson

el

7@ recommended that further research was needed to develop
"additional output measurement data for branch level activ-~
ities, that support the branch activities, and will be used
for evaluating the results of the civil engineering squadron
p_<oformance [3:110]." These additional output measures

must be designed to provide the AFCE manager a tool with

which to validly judge productivity within the organization.

It is apparent that the productivity measurement

n

model presented 'by Baumgartel and Johnson has two major
weaknesses: (1) the model has not been field tested, and i
(2) the list of output measures for the individual branch

activities are inadequate.
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OTHER RESEARCH

Department of the Navy |

Productivity Measure- ;
ment Model ]

In 1969, Mellonics Systems Development Division

(MSDD) of Litton Systems, Inc., under contract with the ﬁ
Department of the Navy, developed a productivity measurement }
model (24). Obviously, a productivity measurement model i
designed for the Navy would not be directly applicable to }
an Air Force Civil Engineering organization, but in its ;
development, the researchers point out some important aspects .
of productivity measurement and modeling. Before developing
the model, MSDD described the characteristics of an ideal
model. The ideal productivity measurement model should have
the following characteristiés:

1. Should give an all-inclusive and totally objec~
tive measurement of the efficiency with which limited
resources are being used to achieve an overall objec~
tive.

2. Should reflect all factors influencing produc-
tivity including tangible factors (such as labor, equip-
ment, and facilities), all intangible factors (such as
personnel morale and motivation), and all policy con-
straint factors such as manning level limits.

3. In the ideal model, one productivity index can
be meaningfully compared with any other index and
indices of subordinate units can be combined to give a
meaningful index of the productivity of the supericr
unit as a whole.

4. Productivity indices can be meaningfully comu-
pared over time [24:3-1].

The researchers further point out that this ideal model would

be extremely complex (if it could be devised at all),
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prohibitively expensive to run, and if the ideal were
achieved, many managers could be replaced by computers
(24:3-1).

The following definitions were used in the MSDD
research:

1. Prcductivity Measurement: Basically, the ratio

of outputs to inputs.

2. Productivity Index: The productivity measurement

compared to a standard.

The accuracy and meaningfulness of the productivity measure-
ment depends on the accuracy of the measurement of the inputs
and the outputs, and on the appropriateness of the selected
measurement units. The validity of the productivity index
depends on the validity and compatibility of the standard,
as well as on the accuracy of the productivity measurement.
Thus, the problems associated with developing a productivity
measurement model include problems of measurement of inputs
and outputs, development of standards, and aggregation to
higher levels (24:3-2),

The problems of measuring inputs are relat.vely
minor. The only significant gquestions that have to be
answered are whether all labor, equipment, and material are
correctly allocated to the organization that used it and
whether the various types of input are combined properly.

The problems associated with measuring outputs are

more numerous and difficult than those associated with

24




inputs. Government organizations normally produce a variety
of outputs and the outputs are often intangible and diffi-
cult to measure. Some organizations have functions and out-
puts such that there is no feasible method of forming a
meaningful productivity measure in its conventional sense
(output/input). These outputs are of three classes:

1. oOutputs of activities that are intangible and
cannot be measured.

2. Output that varies inversely with the level of
activity.

3. Output from an activity that functions only in
an emergency.

In these cases, the productivity measures do not measure
productivity; nevertheless, the ratios formed can be useful
to the manager in indicating if an activity is overstaffed
or understaffed (24:5-10).

The research also points out that there is a problem
with sunming the outputs of organizations into a single
measure unless the outputs are compatible. For example,
summing project drawings, specifications, and cost estimates
into one output measure called number of project documents
automatically sets the three egqgual in impocrtance relative
to each other. This would obviously be an errcneous agsump-
tion.

Based cn the above discussion, we concluded that this

research should not attempt to sum various output/input
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measures into a combined productivity measure for the

entire design section as recommended by Baumgartel and

Johnson. We also believe that the outputs of the design

section do not wholly fit into one of the three categories
oFf output which result in an infeasible productivity measure.
For this reason, output measures and productivity measures
can be developed for particular goals of the design section.

Alternate Productivity
Measurement Model

A thesis by Hanley and Smith (17) proposed a dif-
ferent productivity measurement method than that proposed
by Baumgartel and Johnson. They proposed that productivity
can be measured as the ratio of manhours estimated to actual
labor manhours expended. Using the terminology from the
earlier model, this would define manhours estimated for a
particular job as ocutput and actual labor manhours expended
as the input. The validity of this model is dependent upon
the validity of the methodology for measuring productivity.
Hanley and Smith pointed out that it is possible to obtain
unsatisfactory productivity ratios as a result of:

1. Inacewrate labor manhour requirements estimating.

2. Production inefficiencies within the labor force.

3. Inaccuracies in labor data collection/processing.

4. A combination of the above.

They proposed that the most meaningful progress toward
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realizing increases in AFCE in-~house work force produc-
tivity could result from analyses of inaccurate labor man-
hour requirements estimating (17:4,5).

The greatest advantage of this productivity measure-
ment method proposed by Hanley and Smith is that it could be
applied to organizations whose outputs from activities are
intangible or nonguantifiable. As the Navy productivity
model (24) pointed out, the conventional productivity
measure {(a ratio of actual output to input) could not be
applied to this class of outputs. It appears that the
Hanley and Smith measure would be very useful within the
design section of a base civil engineering organization sineo
some{;f the cutput of this section is more gualitative than
guantitative in nature.

A thesis by Moss and Meister (23) pointed out that
approximately 40 percént of a design engineer's time is
spent in facilities project design. Prcject design was
defined to include: (1) review of programming documents;

(2) review of record drawings; (3) necessary site visits to
verify actual conditions; (4) meetings with using agencies
to ensure that their functional requirements are met;

{5) necessary research to ensure that Air Force regulations
are complied with; (6) development of the project drawings
and specifications; (7) required final coordination and
approval procedures; and (8) compliance with any MAJCOM/USAF

projeuvt review comments (25:5).
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By developing a model for estimating the required
design time based on the above listed varialkles, they felt
an appropriate.standard for the accuracy of estimated pro-
ject design time could be developed. Thus, if the model
were developed, it could contribute significantly to devel-
oping productivity measurements for the design section
using the method proposed by Hanley and Smith (a ratio of
estimated manhours to actual manhours). However, Moss and
Meister were unable to develop a mecdel because of the
diversity of the variables involved. In the course of their
analysis, they discovered that most bases were achieving
between 20 and 40 percent accuracy in their manhour esti-
mates for project design.

Since a model to accurately estimate design manhours
has not been developed, and since the present accuracy
achieved in these estimates is low, the alternate method of
measuring productivity was deemed inappropriate at this time

for application within the design section.

SUMMARY

The conventional method of measuring productivity is

PR

a ratio of guantifiable output and input with organizational
goals/objectives considered. The reason this conventional
method has not been applied to the design section of a BCE

organization is the present insufficiency of output measures.

el e e

More and better output measures need to be developed if

!
i
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conventional productivity measures are to be applied to this
section. An alternate method of measuring productivity is

as a ratio of estimated manhours to actual manhours expended
towards achieving some objective. The validity of this
method is dependent on the accuracy of the manhour estimates.
For this reason, the alternate methods cannot be applied to

the design section.

PROBLEM STATEMENT

Given the limited total resources available to
U. 8. Air Force Civil Engineering (AFCE), a means of syste-
matically measuring and reporting productivity levels and
trends is needed by base level civil engineering (BCE)
managers to compare and evaluate relative efficiency and as
an aid in allocating resources to the best advantage.
Several productivity measurement modeis have been developed
within the Department of Defense, but none have been opera-
tionalized within AFCE. The primary reason for this is the
failure to operationally define meaningful productivity mea-
surements within certain branches of the BCE organization.
To adequately measure the productivity of an organization, -
both the input (resources consumed) and the output (perfor-
mance achieved) must be measurable. Within the BCE organi-
zation, adequate input measures are well documented, but
output measures are not as easily identified and documented.

This is particularly true within the desion section of the
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BCE's Engineering and Environmental Planning Branch (DEEP).
The output of this section is generally service oriented;
and in some cases, not easily inventoried or intangible.
The results of this output are often delayed and long range.
Since adequate output m2asures have not been developed and
used, the managers of the design section have been unable
to develop meaningful productivity measures. Therefore, if
output measures are identified, they can be combined with
existing input measures (labor cost or manhours), which are
currently documented, to formulate productivity measures (a
ratio of output to input). Once formulated, these produc-
tivity measures should be validated in the field by those

who must manage the design section. If valid productivity

measures are developed and used, the managers of the design

.section will be able to detect trends of productivity and to

allocate their available resources to the best advantage.
RESEARCH OBJECTIVES

The objectives of this research are (1) to develop
specific output measures which relate to organizational
goals and objectives for the design section of a base level
(USAF) civil engineering organization; (2) develop produc-
tivity measures based on these output measures and input
measures currentiy documented by the design section; and (3)

validate the selected productivity measures in the field to
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determine if they will adequately assist the manager in

accomplishing section objectives.
RESEARCH QUESTIONS

To accomplish the research objectives, the following
research questions must be answered:

l. What output measures are appropriate to measure
progress towards operational objectives of the design section
of a base level Air Force Civil Engineering organization?

2. What productivity measures can be developed from
these output measures using currently documented inputs?

3. Are the selected productivity measures considered

valid by those who will use them?

3l

e et

B Rl



P

e B w
SR S

a

Chapter 3
METHQDOLOGY
QOVERVIEW

As part of this research project, a study was
designed to identify productivity measures for the AFCE
manager of the base level AFCE design section. This study
consisted of the development of output measures, productivity
{(a ratio of output to input) measures, and an associated

questionnaire to survey AFCE managers' attitudes on these

neasures.

DEVELOPMENT OF OUTPUT AND PRODUCTIVITY
MEASURES

Based on the literature review, we decided the mnst
appropriate method for measuring the productivity of the
design section was by use of a series of output-input
measurements that are goal oriented. Because of the diversity
of objectives, the measures should not be agygregated into a
single productivity measure, but rather should be compiled
separately to indicate performance in one particular aspect
of the organization function. For this reason, measures
should be developed for each of the organizational objectives.

The output should be an indicator of performance and the
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input should be an indicator of the resources required to
obtain the performance level. Also, the measures develcoped
should ianterface with the existing management information
systems and should be derived from information currently
compiled or recorded in AFCE organizations to avoid addi-
tional administrative work.

The evolution of output measures for this research
began with a thorough review of existing literature for
output measures currently compiled or recorded in AFCE
organizations. The review included Air Force and Department
of Defense (DOD) manuals, regulations, pamphlets, and
instructions (1; 4; ll; 38-43); unpublished theses from the
Alr Force Institute of Technology (AFIT) and the Naval Post-~
graduate School (2; 3; 8; 17; 25); and numerous management
periodicals, books, and textbooks (16; 18; 20; 26; 3l; 33;
34).

The Air Force Civil Engineering organization has an
abundance of reports, briefing requirements, and a manage-
ment information system that require the compilation and
recerding of output and input measures. The most prolific
of these tools is the Base Engineer Automated Management
System (BEAMS) report which has been described as probably
the most comprehensive performance reperting system in use

in the Air Force today (11:58). The output measures which

resulted from this review of information were compiled and




tabulated (see Appendix B) by listing the measures and
their source.

Before these output measures could be combined with
input measures to form a productivity measure, it was neces-
sary to identify relevant input measures which were cur-
rently compiled. The only quantifiable inputs available in
the existing system were direct labor cost and manhours.
Thus, the productivity measures developed could deal only
with labor inputs. The development of more comprehensive
productivity measures could include some other measurable
factors which are currently not compiled. For example, the
amount of eguipment available is an important factor in the
productivity of the labor used. Likewise, the facilities
used by the organization should be considered to enable
managers tc analyze how facilities affect their productivity.
For this research, we assumed that the differences in equip-
ment and facilities available to the various design sections
were not significant since all sections are controlled by the
same organizational structure. Similarly, it was assumed
that the amount of materials used did not significantly
atfect the labor productivity. The overhead cost for all
sections was assumed to be eguivalent and thus would not
affect the productivity measure. For the above reasons,
labor inputs were the only input measures included in formu-

lating the productivity measures,
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The formulation of the productivity measures (ratios
of output fo input relating to section objectives) was a
culmination of (l) identifying the objectives of the design
section (from Baumgartel and Johnson thesis), (2) a review
of available information to select currently compiled and
relevant output and input measures, and (3) personal exper-
ience of the researchers (a total of 12 years at different

levels of the Civil Engineering organization).
POPULATION

With productivity measures identified, refinement of
the measures and development of a survey instrument were the
next taskings in the research process. However, before the
survey instrument was developed, it was first necessary to
consider the population from which the data would be gath-
ered. The population for this research was all base level
AFCE managers who would monitor ana/or control the produc-
tivity of the design section in a base level civil engineer-
ing organization (i.e., the Base Civil Engineer, the Indus-
trial Engineer, and the Chief of Design). This included
both USAF military personnel and DOD civilian employees.

The sample used in this research was all 82 base civil engi-
neering organizations in the continental United States
(CONUS) (see appendix C, Part II); these are listed in

AFM 10-1, Air Force Directory of Unclassified Addresses.

The sample was chosen to garner the opiniens of those
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directly involved in the day=-to-~day management of a base
AFCE organization. The choice of only CONUS locations was
also purposeful because of the after-survey accessibility
that might be regquired following an analysis of the survey
results and the perceived ease (time constraint) of data
collection. Although the sample was restricted to bases in
the CONUS, the results can be utilized by the overseas

bases due to the similar framework of AFCE organizations
worldwide and the existence of kasic manuals and regulations

that guide the ZFCE operation.

INSTRUMENT - THE QUESTIONNAIRE

General

After the productivity measures were identified and
the population defined, a survey instrument for the collec~
tion of data had to be selected. Since a major premise in
this research was that the development of management tools
(such as productivity measures) should include or at least
consider the opinions of those who must use them, it followed
that the AFCE managers in the field must be queried before
any measures could be considered valid. The two basic
methods of gathering such data are the mailed questionnaire
and the telephonic or personal interview. Because of the
size of the population (238 perscns) and the gecographical
dispersion of the respondents, the mailed questionnaire was

considered to be the most reasconable survey instrument for
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data collection. It has the appeal of gathering a large
volume of data in a relatively short period of time and at

a lower cost than the personal or telephonic interview. The
guestionnaire also has the advantages of increasing the
likelihood that a respondent will divulge more information
of a personal nature (more so than in a personal interview)
and decreasing personal bias regarding incorrectly recording
the information by an interviewer (5:77,78).

Many advantages of the gquestionnaire existed but
there were alsc several disadvantages considered. First,
the degree to which the suxrvey purports to represent reality
is difficult to determine. This is basically a result of
the relatively large percentage of mailed questionnaires
that are not returned. This problem of nonresponse is
closely tied to data wvalidity which will be discussed later.
Second, some gquestions may be omitted or incorrectly answered
because they were misunderstood and no one was preéent to
clarify the ambiguity. The result is a possible loss of
valuable information that could be used to develop a better
picture cf what the researchers propose to explain. Despite
these considerations, the advantages were felt to far out-
weigh the disadvantages; hence the decision to use the

guestionnaire.
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Design of the Questionnaire

Structure. The questionnaire was divided into three parts:
individual information, general organization information, and
a productivity s=ction. A complete copy of the gquestionnaire
appears in Appendix C, Part I.

Part I: Individual Information (questions 1-5) was
concernad with gathering descriptive data about the indi-
vidual respondents (i.e.,, grade/rank, position, experience,
and education level). This information was used to classify
the respondents and to determine if the attitudes of the
respondents toward particular productivity measures varied
according to the classification. This point will be discussed
later in the data analysis section.

Part II: General Organization Information (questions
6~9) was used to gather descriptive data concerning the
organization within which each respondent worked, such as
major command, geographical location of the Lase, size of
the design section, and whether or not the Base Engineer
Automated Management System (BEAMS) was being used at the
base.

Part 11l: The Productivity portion contained state-
ments designed to garner the attitudes of the respondents
towards selected productivity measures in terms of their
usefulness to the base level civil engineering organization.

Within this section, the respondents' perceptions of the need
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for productivity measures and the need for a formal pro-
gram are addressed (questions 10 and 12) as well as the
respondents' attitudes towards the appropriateness of spe-
cific measures for the BCE design section (guestion 11,
parts a through 11). Finally, an open-ended qqgstion was
included to allow the respondents to identify additional
productivity measures that he or she has used or feel could
be used in the BCE design section and to express any opinions
about productivity and its measurement in the base level
AFCE organization.

Questions within these three sections (Parts I, II,
& IIXI) were then formatted so that they could be easily
answered and would require minimal time for the particular
managers being surveyed. Brevity, simplicity, and response
forms are some factors which were considered to make the
guestionnaire mechanically easier to answer and to improve
the chances that more managers would take the time to
answer it. However, it was not the intent of the researchers
to sacrifice the quality of the data to be collected by
reducing the time each respondent would take in answering
the gquestionnaire. Thus, questicn wording and content were
among the Ffactors that were considered in this aspect of the

guestionnaire structure.

validity of the survey instrument. The final tasking in the

design of the questionnaire was to determine if it was valid.

39

PO e

ot i s AT




validity is the degree that the differences found through

the survey eguate to the actual differences among those

surveyed. A dilemma existed in that the researchers did not

know what the actual differences were (no standards exist)
and, if the actual difference were k.own, there would be

no reason to be measuring. In the absence of actual stan-
dards, one approach ©o validity is to determine if the
contents of the instrument are representative of the sibject
matter (9:120). Thus, our approach was to provide the

draft gqguestionuaire to a panel of graduate students from the
Air Force Institute of Technology, School of Systems and
Logistics, for an initial check of the proposed measures.
Bach of the students had at least five years of prior exper-
ience in the AFCE career field, had been assigned to or
managed a base level BCE design section, and had recently
been acknowledged for outstanding perforwance in an AFCE
organization (see Appendix A, Part I). Recommendations were
discussed with each of the respondents and the gquestionnaire
was either changed or remained intact based on unanimity of
researchers and the respondent. The revised questionnaire
was then presented to faculty members of the AFIT School of
Civil Engineering staff (see Appendix A, Part II). Again,

recommendations were discussed with the researchers and

changes made accordingly.
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The Measurement Scale

As previously stated, the purpose of the question-
naire was to gather information reflecting the attitudes of
base level AFCE managers toward a number of productivity
measures., However, the evaluation of this information
required a means to measure the attitudes of the respondents.
This measurement (quantification) was accomplished by scaling
each gquestion. 8Scaling is a "procedure for the assignment
of numbers (or other symbols) to a property of objects in
order to impart some characteristics of numbers to the prop-
erties in question [29:205]." There are generally four
types of scales and they are briefly summarized below:

Nominal - naming scales that only specify membership
in a category.

Ordinal - scales that specify a quantitative rela-
tion among different categories (or points)
of the scale; limited to statements of
equivalence and inequality.

Interval - formed when the distances between any two
points are known for all values on the
scale.

Ratio = oune which has an absolute zero point as well

as the characteristics of an interval scale.
Since attitudes are real-life phenomena, they usually require

nominal or ordinal scaling (10:123). Two types of scales

41

- N ‘*‘m&mm




T e

éommonly used to measure attitudes are the Likert Scale and
the Thurstone Differential Scale.

wWith the Likert scale, the respondent is asked to
respond to statements in terms of 5 degrees of agreement
(3- and 7-point scales can also be used). An example of

the response format is shown below:

I like my job.

O [ L] L 0]

Strongly Agree Undecided Disagree Strongly
Agree Disagree
(1) (2) (3) (4) (3)

Each of the alternatives (strongly agree, agree, etc.) are
assigned a numerical value (as shown above) and a total
score is obtained for each item. Thus, the Likert scale
uses an ordinal level of measurement and applies a numerical
scbre to reflect a favorable or unfavorable attitude toward
an item of interest.

The Thurstone Differential Scale was an effort to
develop an interval scaling method for attitude measurement.
The differential scale is develcped by asking a large number
of judges (often 50 or more) to evaluate statements which
are presented on cards. The judgeé are asked to sort each
card into one of eleven piles based on the degree of favor-
ableness that the statement expresses. The scale position
for a given statement is determined by célculating its

median score when placement in the least favorable pile is
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scored as "1", and most favorable pile as "11". A measure
of dispersion is calculated for each statement, urually the
interquartile range. If the interquartile range is large

for a given statement, that statement is discarded as being

too ambiguous. The selection of statements to be includced .

— amisad

in the final attitude scale is made by taking a sample of

statements whose median scores are spread evenly from one

extreme to the other, and whose interguartile range is small

-~
NP7 LR

{9:24¢86).
It can be seen from the above discussion that the
Thurstone Differential Scale is applicable only when state-

ments represent different degrees of favorableness toward

i e s = .

one particular object or dimension being measured. Since
the gquestionnaire used in this research was designed to ;
garner the attitudes of the respondents towards a number of
specific productivity measures (objects), the Thurstone
Differential Scale was inapplicable to this research. This
fact presented a problem to the ressarchers in that para-
metric tests were to be applied to the data and such tests
reguire an interval scaling method.
As pointed out earlier, a significant disadvantage
of the Likert Scale is that it is an ordinal scaling method.
However, researchers recognize the difficulty in assessing
absolute levels of measure when dealing with attitudes. As

Gardner points out (13:55-56):
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1. The distinction between ordinal and interval
scales is not sharp. Many summated scales (such as the
Likert Scale) yield scores that, although not strictly of
interval strength, are only mildly distorted versions of an
interval scale.

2. Some of the arguments underlying the assertion
that parametric procedures require interval strength statis-
tics appear to be of doubtful validity.

3. Parametric procedures are, in any case, rcbust
and yield valid conclusions, even when mildly distorted data
are fed into them. TFurthermore, if the distortions are
severe, various transformation techniques can be applied to
the data.

Research has shown that Likert's scale method of
attitude measurement yields almost identical results with
Thurstone's method and is perhaps the most satisfactory
techr‘que now available for attitude measurement. Some
reasons are (35:153,154):

1. It avoids the difficulties encountered when using
a judging group to construct the scale (as with Thurstone's
technigue) . _

2. It yields reliabilities as high as those cbtained
by other techniques, with fewer items.

3. It is possible to cbtain the most typical measure
of an individual's attitude and also the range of dispersion

of his attitude.
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4. The construction of an attitude scale by Likert's
method is much guicker and easier than by using a judging
group and does not involve any of the errors likely to be
present in any technique in which experts, Jjudges, or raters
are used.

For the above reasons, Likert's method of attitude
measurement was selected. The researchers assumed that use
of Likert's scale would result in only "mildly distorted"
interval level data and, therefore, the use of parametric
statistical techniques is justified. 1In addition, we chose
a 7-point Likert Scale to reduce the possibility of ties

between measures and for its better discriminating ability.

Conducting the Sunvey

AFM 10-1, Air Force Directory of Unclassified

Addresses, provided the list of addresses required-to reach
the target population (see Appendix C, Part II). There were
238 respondents identified by position (the Base Civil Engi-
neexr, Industrial Engineer, and the Chief of Design) for 82
CONUS bases. Each respondent was sent a survey package that
included a gquestionnaire and a preaddressed return envelope.
In addition, each survey package contained instructions for

completing the questionnaire, a statement of purpose, and a

copy of the Privacy Stacement required by the Privacy Act of
1974. The questionnaires were mailed on 5 March 1980 with a

completion deadline of 25 March 1980.
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DATA PREPARATION

The previous sections were concerned with developing
a data collection plan. Alszo of importance in developing a
research methodology was a plan for data analysis. The
definition of analysis used in this research was the breaking
down and ordering of data into meaningful groups, plus the
searching for patterns of relationships among these data
groups (9:337). The first step in the analysis was data

preparation which includes editing and coding.

Editing

Once the data was collected, it was first necessary
to edit the raw data. The purpese of this editing process
was to ensure that the data was (9:337): (1) as accurate
as possible; (2) consistent with other facts secured;
(3) uniformly entered; (4) as complete as possible; (5)
acceptable for tabulation; and (6) arranged to facilitate
coding and analysis. During this editing process, all
incomplete and miscoded gquestionnaires were discarded and

not included in further analysis.

Coding

The second analysis method was coding the answers
received from the respondents of the survey. The coding
process consisted of assigning numerals or other symbols to

answers so as to enable the responses to be grouped into a
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limited number of classes (9:339). Coding of data into a
limited number of categories sacrificed some of the data
detail but was necessary for efficient tabulation and analy-
sis by using the computer. In this categorization process,
four rules were applied. Categories should be (9:339):

l. Appropriate to the research problem and purpose.

2. Exhaustive.

3. Mutually exclusive.

4. Derived from one classification principle.

Most of the data received was already categorized as
a result of guestion formatting (see Appendix E). However,
the answers to question 4 required the use of categories.
This categorization was based on the typical career pro-
gression of an AI'CE officer. Category 1l individuals would
have just entered the CE career field and would be in the
process of learning their job. Category 2 individuals were
assumed to have specific knowledge of at least one position
in the organization ana general knowledge of the functioning
of other positions (branches). Category 3 persons were
assumed to have specific knowledge of several positions (and
branches) and scme middle management experience. Category 4
individuals were assumed to have specific knowledge of the
overall functioning of the BCE organization and considerable
middle and upper level management experience. This categori-

zation follows the four rules previously stated.
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Usefulness Index

In Part IIl of the questionnaire, respondents were
asked to identify their degree of agreement (or disagree-
ment) with specific sroductivity measures in terms of their
usefulness to the n..nagers of the design section. In order
to determine which measures were considered useful and
which were not, a usefulness scale was developed. Since
the respondents were asked to indicate their attitude on a
7=-point Likert Scale, a similar scale was chosen for this

purpose. Figure 1 shows the scale by which the productivity

measures were evaluated.

USEFUL NOT USEFUL
L | 1 | | l 1
Median: 1 2 3 4 5 6 7

Fig. 1, Usefulness Scale

As indicated above, a median of four (4) was used as
the separation point between useful and not useful. The
median was selected as the descriptor rather than the mean
since the distribution of regponses to the various produc-
tivity measures was seldom symmetrical. In such cases, the
mean tends to be located somewhat away from the concentration
of items and yield a distorted picture of the position of
usefulness attributed to the measure. Also, since the

respondents were asked to answer in discrete categories and
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the mean is a contiuanous descriptor, the median was selected.
Additionally, the median is less influenced by extremes in
position than is the mean; thus, the median yields a less
distorted picture of the position held by most respondents.
Therefore, if the median value approached the "1" ead of
the scale, we assumed this to indicate an increasing per-
ceived usefulness; conversely, as the value approached the
"7" end, this indicated a decreasing usefulness.

With this usefulness index identified, we were able
to select those productivity measures which the respondents
perceived would be useful to the management of the design

section.

Descriptive Statistics

The results of the first computer run using the SPSS
Subprogram FREQUENCIES were compiled into a table (sece
Appendix F). This table included the measure, the median,
the mean, and the standard deviation of the responses. All
measures with a usefulness index of less than 4.00 were then
tabulated in a separate table (see Chapter 4) as a summary of
those productivity measures perceived by the respondents as

being useful for the management of the design section.

Content Validity

Cnce this initial analysis was accomplished, the
researchers were concerned that the results of the analysis

be representative of the populaticn sampled. If the results
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do not represent the true attitudes of the respondents,
there can be no expansion of knowledge and no meaning to

the analysis results. For this reason, content validity had
to be established.

A problem immediately arose in that there is no
single statistical criterion which can be used to determine
whether or not one has properly sampled from the population
under investigation (35:92). 1In addition, for this research
there were no acceptable standards against which to compare
the selected productivity measures. To offset these handi-
caps, we evaluated content validity based on the assumptions
that (1) demographic data could be used to evaluate consis-
tency of results, (2) randomly splitting the_sample would
assist in determining internal consistency, and (3) common
sense could be used to determine content validity (28:486-

494) .

Crosstabbing with demographic data. As mentioned earlier, a

demographic section was incorporated into the questionnaire.
By crosstabbing position (BCE, Industrial Engineer, or Chief
of Design), military/civilian status, and experience level
(years in an APCE organization) with manager attitudes toward
each measure, a check for the consistency of results could

be made. Those nmeasures which were consistently selected as
being useful regardless of the characteristics of the

respondents would be considered the most valid. This
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crosstabbing procedure also permitted the evaluation of
differences in attitudes among various categories of respon-
dents. The SPSS Subprogram CROSSTABS was used for this
crosstabbing procedure. Three computer programs were run:
:; the first crosstabbed position by attitudes toward each
measure; the second, military versus civilian status by

attitudes; and the third, experience by attitudes. The

results of these programs are summarized in Table 6 of

;tgﬂ{ Chapter 4. Also, a typical CROSSTABS program is listed in
féj Appendix D. Of the three categories, experience was con-
‘ﬁué sidered to be the most important indicator of respondents

%_g who were experts or persons qualified to know the true

g&% situation. The most useful measures were assumed to be
s those selected by the most experienced managers (ten or more

yvears experience) since they would have a better understand=-

ing of the functioning of the design section.

bt Random splitting. The second approach to content validity

_ﬁf; centered on the realization that there were no standards of
productivity currently used in AFCE units against which to
.?ﬂﬁ compare our data. Therefore, we utilized a statistical

technique of randomly splitting the collected data into

smaller subsamples (we arbitrarily used 50 percent) and com-
pared these smaller samples to the original sample to detect
if major variances existed within the data. If none existed,

we could more conclusively analyze and make inferences about

51




. e

¥

the population knowing a fair degree of uniformity existed
within the larger sample of the population. Three random
splits were made on the data and descriptive statistics were
calculated (this was all accomplished by the computer). The
results of these random splits were included in Table 6 of

Chapter 4.

Common sense. The final approach to content validity was to

assume that common sense was a test of validity. In view

of the fact that systematic questionnaire studies are under-
taken because we do not trust the common sense estimates,

we hardly use the latter as the sole criteria for the
validity of the former. But, in the absence of standaxrds or
norms, and always in addition to them, common sense is

entitled ko consideration (28:494).

The Open-End Question

As previously mentioned, an open—end question was
included in Part III of the guestionnaire. This question
was informally analyzed by the researchers using content
analysis. A summarized listing of comments 1is included in
Appendix H and the results of the content analysis are dis-

cussed in Chapter 4.
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Chapter 4

FINDINGS AND ANALYSIS

This chapter presents an analysis of the data col- i
lected in this research effort and answers the research

questions posed in Chapter 2 of this study. The chapter

begins with the research findings of output measures, fol-

lowed by a presentation cf the data, and, finally, an analy-

I
i
i
{ sis of the findings.
|
| OUTPUT MEASURES

_%ﬂ ) The Base Civil Engineering. (BCE) organization has an
ﬁ important and complex mission as any other organization on
an air base. First, the BCE manages or otherwise adminlsters
L some 40 to 60 percent of most installations' Operations and 3
3 Maintenance (Q&M) budget; second, the BCE probably has the ‘

largest number of general and special purpose vehicles along
with the largest work force; finally, the BCE, or the work {
that is performed by the BCE, receives more daily visibility

g than any other organization. Such an organization has many

output measures that are recorded, tabulated, and often
analyzed for trends. In all, there were 26 output measures
(see Appendix B) considered for the BCE design section at

variocus states of this study. Through an iterative and
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discriminating process (see Chapter 3 for details), a final
list of 19 output measures was selected for incorporation
into the research guestionnaire as the numerators in the

productivity measures (see Appendix C, Part I).
QUESTIONNAIRE RESPONSE

There were 238 surveys mailed to 82 Air Force instal-

lations within the CONUS. The response rate was 59.7 per-

cent with the return of 141 surveys; however, 12 of the

R

returned surveys were not usecd .. the analysis that followed
because the respondents had either incorrectly or only

partially completed the questionnaire. Thus, all analyses

of data were based on the remaining 129 returned surveys

[-JRUUPEGFL S A I ST

(54.2 percent of the original number mailed). Table 1

i illustrates a more complete breakdown of the respondents.

Table 1

Response Breakout by Position

; Percent

Position Mailed Returned Returned
_ Base Civil Engineer 82 31 37.8
j Chief, Design Section 78 58 74.4
2t Chief, Industrial Engincer 78 39 50.0
Other 0 1 ———
238 129 54.2
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CHARACTERISTICS OF THE SAMPLE

The sample of 129 respondents provided data from a
wide range of backgrounds. By rank, respondents held mili-
tary ranks from colonel to second lieutenant and civilian
grades of GS-13 through GS-9. This rank and grade spread

is shown in Table 2 below. {

Table 2

Rank/Grade of Respondents by Positlion

Base Civil Chief of Chief of

Grade Engineer Design IE Cther Total
Colonel 7 0 0 0 7
Lt Col 13 0 2 0 15
Major 2 3 1 0 6
Captain 1 9 6 0 16
1Lt 0 Q 3 0 3
2LT 0 4 9 0 13
G5=-13 8 19 1 0 28
Gs-12 0 21 4 0 25 |
Gs-11 0 2 11 0 13 i
Gs-10 0 0 0 0 0
GS-9 0 0 2 1 3
31 58 39 1 129

The experience levels of the respondents also exhib-
ited a high degree of variability in that the respondents'
cumulative time in any AFCE organization ranged from just a

few months to over 30 vears of federal service. This trait

is depicted in Figure 2.
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Education-wise, the sample of 129 respondents demon-
strated a fairly high level of formal education. More than
93 percent of the respondents had at least a bachelor's
degree and over half had graduate degrees or some graduate
course work to their credit (including one with a doctorate).
FPigure 3 provides a complete breakdown by the respondents’
education levels,

Finally, the respondents provided data from an assort-
ment of geographic regions around the continental United
States (CONUS). The names of the installations were not
requested to protect the anonymity of the respondents but
major ..umand (MAJCOM) identities were requested and Table 3

provides this information.

Table 3

Number of Respondents by MAJCOM |

Number of Number Response
MAJCOM Surveys Sent Responding Rate (%)
ADC 5 0
AFLC 15 8 53.4
AFSC 12 6 50.0
ATC 31 20 64.5
MAC 39 16 41.2
SAC 75 42 56.0
SOA 3 2 66.7
TAC 8 35 60.3
238 129
57
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ANALYSIS OF FRODUCTIVITY MEASURES

There were two major concerns in the analysis of
the responses to the productivity questions of the survey
instrument. The first was to determine the genesral attitude
of base level AFCE managers towards the need for productivity
measures in the base AFCE organization; the second was to
identify measures that would be most useful for the design

section.

Entire Sample

The first computer run was conducted on all 129
respondents (see Appendix D for the Statistical Package for

the Social Sciences (SPSS) Spbprogram used). This run indi-

‘cated that there was a definite agreemenE among base level

AFCE managers that productivity measures wera needed in the
BCE organization (variablelNQ). In fact, 39 of the respon-
dents had annotated the "strongly agree" block and another
39 the "agree" block. In all, nearly 75 percent of the
sample agreed in some degree that measures were needed to
detect productivity trends or to assist management; the
median was 2.154 and the mode (the category chosen most
often) was tied between the choices of "strongly agree" and
"agree" with 39 responses apiece. Figure 4 and Table 4
provide additional graphics of the respondents' general

support in this matter.
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Fig. 4. variable N9 Distribution Chart
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Despite the definite positive attitude for the need
of the productivity measures, the respondents had a less
enthusiastic opinion for a formal productivity program for
the BCE organization (variable N48). The sample was still
slightly skewed to the "agree" end of the 7-point Likert
scale with a median of 3.425 and with 51.2 percent ¢f the
respondents agreeing; however, the possibility of additional
work reqguirements (in the form of collecting, analyzing,
and reporting on the productivity measures) preobably caused
many respondents to answer towards the "disagree” end of the
scale. There was alsc the indication based on some of the
comments to the open-ended portion of the guestionnaire
(see Appendix H) that many preferred to tailor productivity
measurement on their own and keep the information on a local
level rather than having to work another controlled report.

The analysis of the entire sample of 129 respondents
also identified six (6) productivity measures considered to
be useful to managers of the BCE design section. Table 5
lists these measures. Other graphic information for each of
the measures noted in Table 5 are included in Appendix G.

It should be noted that the productivity measures designated
by variables N10 and N29 utilized the same numerator (output)
but different denominators (input); variables N16 and N35
also shared the same numerator but differed in the denomina-
tor. More than anything else, this occurrence seemed to

indicate to the researchers that the output measures used to
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Table 5

Useful Productivity Measures

(Likert
Questionnaire Variable Scale)
Number Number Description Median

1 lla N10 Total estimated dollar 3.089
‘ amount of contract

projects and in-house

work orders designed

divided by total design

4 manhours.

.o lig Nl6 Total number of projects 3.229
- designed (complete and

ready for acquisition

o action) divided by

S total design manhours.

| 1llh N17 Total number of facility 3.426
‘ inspections and utility .
systems surveys completed c i 3
divided by total man-

. . hours to complete surveys
o . and inspections.

llo N24 Total estimated dollar 3.636
amount of architectural-
engineer (A-E) design
acquisition packages
prepared divided by the
total manhours to prepare.

11t N29 Total estimated dollar 3.692
amount of contract pro-
i jects and in-house work
o orders designed divided
’ by total design labor
cost.

1lz N353 Total number of projects 3.556
designed (complete and 3
ready for acquisition '
action) divided by total
design labor cost.
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make up those productivity measures were extremely useful.
This was based on the observations that the respondents
generally disliked the labor cost input measure and that
the counterparts to variables N17 and N24 did not show up

as useful measures.

Partial Samples

As mentioned in the methodology (Chapter 3), the
researchers were concerned that the results from an analysis
of the sample be representative of the population. To off-
set the handicap that no standards or norms existed against
whichh to compare the selected productivity measures, we
evaluated the content validity of the sample based on cross-
tabulations of the various measures against such demcgraphic
data as the respondents' positions, military versus civilian
status, and experience levels; in addition to the cross-
tabulations, the researchers also used the random splitting
technique to assist in determining internal consistency.

The results of these analyses are tabulated in Table 6.

By position. Thirty-one base civil engineers (DEs) responded

to the guestionnaire and their responses were fairly consis-
tent with the results of the entire sample. In addition teo
the six useful productivity measures identified in the
entire sample, the DEs considered another three measures to

be useful to management of the design section (see Table 7).
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Table 7

Additional Measures Preferred by Base
Civil Engineers

evaluated and/or

} i Questionnaire Variable
*,% Number Number Description Median

- 11b N1l Total contract funds 3.625 !
R obligated (i.e., MCF, |-
vﬁm'] 0&M, etc.) divided

w by total design man- ‘
R hours associated with I
L contract funds obligated. -

. llq N26 Number of work orders 3.800 }

1

|

{ reviewed divided by

1 total manhours required

| for review and/or eval-
L | uation.

J

1

{

!

)

1

!

PP S S PSR L SO

gsﬁ’ llu N30 Total contract funds 3.313
iy . obligated (i.e., MCP, .
e 0&M, etc.) divided by i
A total design labor i
i cost associated with
- contract funds obli-
[ I gated.
.!.'_»‘5‘_": !
% The responses from the chiefs of the design sections were
R the most regtrictive in terms of the identification of use-
= ful productivity measures. 0Only three measures (designated
T
' by variables N10, N16, and N24) complied with having a
oy median less than four but all three are ones that showed up
in the entire sample. Finally, the analysis of the responses
i from the chiefs of the industrial engineering sections
b
' revealed a total of 17 measures considered to be useful for
)
éiy management; again, all six of the measures identified in
T 1
M 66
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the original sample of 129 respondents appeared in these
identified by the industrial engineers.

Although the number of useful productivity measures
differed from position to position, the researchers expected
such a variety to exist. We expected the identification of
some basic measures (i.e., the six useful measures noted in
Table 5); however, since each pdsition essentially repre-
sented a different managerial frame of reference in the BCE
organization, we expected and the respondents did identify
measures that were of most concern to them in their day-to-

day activities.

By military versus civilian status. The analysis of the

60 military respondents revealed nine useful measures,
including all six from the entire sample. Only six measures
{four of which were ideantifi~d in the entire sample) were
found from the 69 civilian respondents. The researchers

did not feel that either of these partial samples presented
a significant departure from the total sample of 129

respondents.

By experience levels. Of all the partial samples, the

cross—-tabulation by experience levels was considered by the
researchers to bs the most important indicator of the true
situation. In particular, the most useful measures were
agsumed to be those selected by the most experienced man-

agers (ten or more years experience in any BCE organization)
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since tliey would theoretically have a better understanding
of the functioning of the BCE organization and the design

section. As such, the first three categories were only

‘given a cursory rz=7iew and the useful measures noted in

Table 6; besides, each of thege categories designating lesser
experience levels represented less than 20 percent of the
entire sample. The category depicting the most experienced
managers contained 75 respondeints and nearly replicated the
findings of the entire sample. The only exceptions were

the measures designated by variables N1l and N26 with

medians of 3.600 and 3.917, respectively.

Rendom splitting. The resecarchers utilized the .andom

gplitting techniquz to detect if méjor variances existed in
the data collected. Approximately 50 percent of the 129
respondents (hence the different sample sizes »f the random
splits) were randomly selected and analyzed by the computer.
In each rm, useiul productivity measures were identified
based vn the previously stated criterion (median less than
4). There was a slight degree of variability in terms of
the differeiit meacsures considered to be useful, but, o.ly
thoz2 six measures identified in the sample of 129 respon-

den*s repeatedly surfaced.

OLuaer ¢onsiderations. Two n - res, degignated by variables

N1l and N26 (see Table 7 fcr descciption), did not meet our

main selection criterion Lnr

r13

useiul productivity measure
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when analyzed within the entire sample of 129 respondents.
The medians were 4.444 and 4.000, respectively; however,
both measures conspicuously met our criterion in two promi-
nent partial samples: the Base Civil Engineers and the most
experienced AFCE managers (over ten years in a BCE organi-
zation). For this reason, both measures may be considered

useful to the managexrs of the design section.

The Open-Ended Question

Although not rigorous in nature, the content analy-
sis of the open-ended guestion portion provided some useful
information with regard to productivity measurement in the
design section. Also, it provided a measure of question-
naire validity since the open-~ended aguestion tended to
reaffirm findings based on the attitudinal gquestions (ques-
tions 10-12). A summarization of the comments made by
respondents to the open-ended question appears in Appendix H;
the comments were categorized into eight categories. These
categories providad the basis for the remaining discussion.

Category 1 was the most predominant with 23 respon-
ses. This category indicated that the managers in the
field were concerned with comparing the productivity of
individual engineers since they felt chat variables internal
to the design sectiocn such as the complexity of individual
projacts, the experience of engineers, and the engineering

discipline needed to be considered in productivity
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measurement. It was not the intent of this research to
develop measures which could be used to compare the produc-

tivity of individuals, but rather to develop measures which

! could be used by managers to detect trends in the produc-
tivity of the entire section. However, productivity measure-

ment of individual engineers is an area which warrants

e e -

further study based on the predominance of this comment.

e T T T T

B Category 2 (20 responses) and category 5 (13 respon-
’ ses) comments indicated that the base level managers were

: alsc concerned with higher level managers using these !

it 84 et~

measures to compare the productivity of different design
sections. Based on the cumments, it appeared that the base A

level managers preferred to keep the productivity measure-

ment informal with no reporting co higher levels ¢of conmand.

Also, since each design section operated in a dynamic 1
: environment which, to some extent, cannot be controlled by
1

managers of this section, comparing the productivity of two

if not infeasible. However, if two design sections operated

within similar environments (equivalent funding of projects,

1

§ or more design sections using these measures was guestionable, i
i

!

t

similar command interest and higher command directives),
r then comparisons could be both meaningful and useful.
Category 3 comments (17 responses) conveyed the

general impression that, in the engineering profession,

and, therefore, productivity measurement of professionals

\

quality was a more important consideration than quantity !
]
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should not be attempted. Category 3 and category 5 comments
tended to reaffirm the generally negative responses of a
group of respondents to the attitudinal guestions (ques-
tions 10-12). It was the belief of this group that pro-
ductivity measurement in the design section was infeasible
and would be counterproductive even if the program were

kept at the base level.

Category 4 comments (l4 responses) indicated that
managers of the design section were concerned about the
fact that less than 40 percent of their section's time was
spent on design which they perceived as their primary func-
tion. They felt that the productivity of other duties of
design section personnel {i.e., training sessions, briFfings,
s;aff meetings, consultant services) needed to be measured.

Category 6 comments (3 responses) indicated that if
productivity measurement was attempted it should be kept
simple, utilizing only one good measure. It was the belief
of the researchers that the diversity of section objectives
rendered this approach infeasible; however, we agreed that
the measures should be simple and easy to track, thereby
winimizing costs to administer the program.

Category 7 (3 responses) and category 8 comments
(2 responses) indicated the disparity involved with using
labor cost as an input measure. Some respondents felt that
labor cost was a good input measure since it discriminated

between the productivity of a higher paid employee and that
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of a lower paid employee. Bowever, based on the results of
the analysis of the attitudinal guestions, the general opin-
ion of respondents was that manhours were a better input
measure than labor cogt since Labor cost is an uncontrollable
variable. It is the copinion of the researchers that both

input measures provide useful information when used in

productivity measurement.

e
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Chapter 5
CONCLUSIONS AND RECOMMENDATIQONS

This chapter is organized into two sections,

‘si - conclusions and recommendations. The first section addresses

the research guestions set forth in Chapter 2 and general
Li conclusions are drawn from the overall research. The second
section presents several general recommendations derived
from this research effort and recommendations for further

research.

CONCLUSIONS

Research Questions Answered

'“# 1. What output measured are appropriate to measure

'f progress towards operatiornal objectives of the design sec-

tion of a base level Air Force Civil Engineering organiza-

T

tion?

N
k.. Y

L EESR.

After identifying the cbjectives of the BCE design

P section, 26 output measures were identified as possible

(6]

S ' indicators of performance. These output measures wer

"

e derived from information currently compiled or recorded in
-QF Air Porce Civil Engineering (AFCE) organizations (see

[

o Appendix B). Through an iterative and discriminating pro-

cess, a final list of 19 output measures was selected for
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incorporation into the research guestionnaire. The analysis
of the data collected from the questionnaires identified
four output measures which managers in the field considered
useful to measure progress toward operational cbjectives of
the design section. The output measures ideatified were:

l. Total estimated doilar amount of contract pro-
jects and in~house work orders designed.

2. Total number of projects designed (complete and
ready for acquisition action).

3. Total number of facility inspections and vtility
systems surveys completed.

4. Total estimated dollax amount of architect~
engineer {(A-E) design acquisition packages prepared.

In addition, the most experienced base level AFCE
managers (over l0 years experience in a BCE organization)
identified 2 other output measures which may be considered
useful. These are:

1. Total contract funds obligated (i.e., Military
Construction Program and Operations and Maintenance).

2, Number of work orders reviewed and/or evaluated.

2. VWhat productivity measures can be developed
from these output measures using currently dcocumented
inpu’g?

The only guantifiable inputs currently documented
for the design section were direct laboxr cost and labor man-

hours. Thus, the productivity measures develcped could deal
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only with labor inputs. More comprehens:.e productivity
measures could be developed using other measurable inputs
which are currently not documented. Other measurable inputs
include equipment, facilities, and materials used. For this
research, we assumed that the differences in equipment and
facilities available to the various design sections were

not significant. Similarly, we assumed that the amount of
materials used did not significantly affect the labor pro-
ductivity. Thus, labor cost and manhours were the only
input measures included in formulating the productivity
measures.

The final list of 19 output measures were used as
numerators and the 2 input measures as denominators in
formulating 38 productivity measures which were incorporated
into the research guestionnaire (sée Appendix C, Part I).

3. Are the selected productivity measures constdered
valid by thoge who will use them? |

The answer to this research question is based on the
analysis of the responses to a survey of base level AFCE
managers who would monitor and/or control the productivity
of the design section (i.e., the Base Civil Engineer, the
Industrial Engineer, and the Chief of Design). The validity
of the productivity measures was determined by asking those
surveyed if the measures would be useful to them as managers
of the design section. The analysis of the data provided by

129 respondents indicated that six (6) productivity measures
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were considered to be useful and appropriate to the objec-
tives of the design section. These measures were:

l. Total estimated docllar amount of contract

projects and in-house work orders designed divided by total
design manhours.
2. Total number of projects designed (complete

and ready for acquisitiocn action) divided by total design

manhours.

3. Total number of facility inspections and utility

{

|

; systems surveys completed divided by total manhours to com-
LM! plete surveys and inspections.

|

| 4. Total estimated dollar amount of architect-

; i engineer (A-E) design acquisition packages prepared divided

oy TR

by total manhours to prepare.
; 5. Total estimated dollar amount of contract pro- 4
jects and in-house work orders designed divided by total

design labor cost.

6. Total number of projects designed (complete and ;
ready for acquisition action) divided by total design labor ;
cost. }
Two additional measures were identified by two E

!

prominent partial samples: the Base Civil Engineers and the

most experienced managers {(over 10 years in a BCE organiza-

e Y

tion). These measures are listed below and may be considered

useful to the managers of the design section:
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1. Total contract funds obligated (i.e., Military

PR

Construction Program and Operations and Maintenance) divided
by total design manhours associated with the contract funds
obligated.

2. Number of work orders reviewed and/or evaluated

divided by total manhours required for review and/or evalua-

tion. tl

General Conclusions 1

- g

Questions 10, 12, and 13 of the gquestionnaire pro-

e m

. vided useful information from which to draw some general

casitmukas

conclusions concerning productivity measurement in the

s

design secticn. The analysis of question 10 indicated that
nearly 75 percent of the respondents agreed in some degree
that measures were needed to detect productivity trends in
the design section. However, as the analysis'of guesticn 12
indicated, the respondents had a less enthusiastic opinion

for a formal productivity program with only 51.2 percent of

the respondents agreeing in some degree. These two facts

plus the comments provided in the open-ended portion (ques-

L i

e et edtictan

tion 13), led the researchers to the following general con-

clusions.

1. There is a general opinion among base level AFCE
managers that productivity measures are needed for the
design section, but these managers are apprehensive about

developing and using these measures. This apprehension
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results from the possibility of additional work requirements
{(in the form cof collecting, analyzing, and reporting on the
productivity mgasures) which may arise from the formaliza-
tion of the productivity program. Most design section
managers would prefer to tailor productivity measurement on
their own and keep the information on a local level rather
than having to work ancother controlled report.

2. Each base design section operates in an environ=-
ment (both internal and external) which is different from
other design sections. For this reason, not all measures
would be applicable to all design sections. Also, comparing
several design sections based on the productivity measures
developed would not be advisable. This fact gives further
credence to the belief that productivity measurement should
be kept at the base level and not formalized into a MAJCOM/
USAF controlled prograﬁ.

3. If productivity measures are used, they must be
a means to improve management rather than ends in themselves.
The quality of the output which leads to the accomplishment
of base missions must always be as important, if not more
important, than achieving a quantitative standard. Quality
must be maintained while attempting to improve productivity

because an ineffective organization is not a productive

organization.
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RECOMMENDATIONS

Based on our analysis and subsequent conclusions,
general recommendations and recommendations for further

raesearch are in order.

General Recommendations

1. We recommend that the six (6) productivity
measures identified by this research as being useful to
managers of the base level Air Force Civil Engineering
(AFCE) organization design section be used as a starting
basis to detect productivity trends and set section objec-

tives once standards have been established. One of the

problems with current design section objectives is that they
are too vague and progress towards their accomplishment |
cannot be measured. After productivity measures have been
used for a period of time (say, one year), standards for per-—
formance can be established by design section managers and
future productivity measures can be compared to past stan=-
dards to detect changes in productivity. This will help
managers to objectively identify efficient operations, to
identify and take effective, timely remedial action in
potential trouble areas, and to improve productivity by
revising methods and standards of operation.

2. We recommend that the Base Engineer Automated
Management System (BEAMS) be used to track output and input

measures and to monitor the productivity of the design
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section rather than manual tabalation. This will help ease
the administrative time necessary tc control and monitor the
performance of this section.

3. At the outset, these productivity measures
should not be used in conjunctich with a formal program, nor
should their use be controlled by a higher level of command
than the base. Base managers should use these measures as
a starting point in developing a productivity program and
should tailor the program to meet the specific needs of their
section. Once the program has been establiished. measures
which are generic to all Jdesign sections can be identified
to be used as a means of comparing various design sections.
An attempt at formalizing (reporting to higher levels of
command) the productivity program should only be made after
the various base prcgrams have been well established and
standards developed. However, comparing the design sections
of different bases iz only feasible if they function within
similar environments (i.e., engineers with similar experi-
ence, funding of similar projects, minimal interference by
"command interest" projects, etc.).

4. These productivity measure should not be used
to evaluate the performance of individual engineers since
this was not the intent in their development.

5. Productivity measurement should be kept simple
utilizing several useful measures which reflect the objec-

tives of the individual design section. These measures
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should be easy to control and monitor using existing manage-

ment information systems with slight modifications when

"’ required.
;= Recommendations for Further
1

Research

. 1. Data should ke gathered to analyze the six

productivity measures identified in this research to deter-

) I:n'.

fgl mine if there is a correlation between the ocutput and input
§ measurer for each productivity measure. If a correlation

: i can be established, then the productivity measures can be

used as an aid in future planning by improving the planned

allocation of resources; by improving the ewvaluation of

,j effects of policy constraints aand other externally imposed

‘*é . . constraints; and, by improviag the integration of present !
nj policies with contingency requirements. 1In short, if a i
: correlation between output and input can be shown, cne c¢an i
‘be used to predict the other. For example, managers could |
determine the potential effect of current manpower policies
on the ability of the design section to meet its objectives.
0 . 2. Research should be done to improve the methods of

estimating the manhours required for accomplishing aiven

outputs so that the alternate method of preductivity measure-
ment (actual manhours/estimated manhours) can be used. This
method of productivity measurement is most feasible for the

qualitative (or hard to quantify) functions of design sec- i
tion personnel.
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3. Productivity measures should be develcoped for
the other branches and sections of the base c¢ivil engineer-
ing organization.

4. Output measures and productivity measures need
to be developed to evaluate the performance of individual
engineers.

5. Current Air Force interest and much of this
research have focused on the preoductivity of design activi-
ties which may require approximately 40 percent of the
engineer's time (25:69). Purther research needs to be con-
ducted to identify those activities which comprise the
other 60 percent of the engineer's time and to develop pro-
ductivity measures to evaluate those activities. At least,
the study should identify the activities to allow for more

efficient management of his time.
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APPENDIX A

PANELS OF EXPERTS FQR QUESTIONNAILRE
DEVELOPMENT
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PART I

PANEL OF AFIT SCHOOL QOF SYSTEMS AND LOGISTICS
FACILITIES MANAGEMENT STUDENTS

CUMULATIVE TIME

NAME/RANK IN BCE
Grantland W. Johns, Major 12
Richard L. Williams, Captain 10
Thomas H. Gross, Captain 8
Calder D. Kohlhaas, Captain 5
Charles R. Hatch, GS-12 10

The dralt of the productivity measurement guestionnaire was
provided to a panel of Air Force Civil Engineering (AFCE)
managers enrolled in a graduate degree program (Facilities
Management) at the Air Force Institute of Technology (AFIT)
School of Systems and Logistics. Each individual was selected
baéed on the fact that each had come to AFIT from a base or
MAJCOM civil engineering organization and had been offi-
cially recognized for outstanding performance in that unit;
each had been associated with or managed a base level AFCE
design section; and, each had been in the AFCE career field

for a substantial time (ranging from 5 to 12 years).
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PART II

PANEL OF SELECTED AFIT SCHOOL OF CIVIL
ENGINEERING FACULTY

NAME/RANK POSITION

Peter Walsh, Major, USAF Course Director, Department
of Management Applications

Jack Baker, Captain, USAF Instructor, Financial
Management Course, Depart-
ment of Management Applica-
tions

Following the consolidation of review comments from the
panel of AFIT School of Logistics Facilities Management
graduate students {(Appendix A, Part I), a revised copy of
the questionnaire used in this study was presented to se-
lected members of the AFIT School of Civil Engineer .g
faculty for additional criticism and recommendations for
improvement. This review by the "experts" in the AFCE
carcer field was the culmination of an iterative process to

identify reasonable productivity measures for a base level

civil engineering design section.
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APPENDIX B

¢ } LIST OF QUYPUT MEASURES
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CUTPUT MEASURE

SOURCE
(Suggested by/Required by/
Collected in)

10.

Total estimated dollar

amount of contract pro-
jects and in-house work
orders designed.

Total contract funds
obligated (i.e., Military
Construction Program,
Military Family Housing,
Operations & Maintenance,
etc.).

Total O&M contract funds
obligated (EEIC 52X).

Total O&M maintenance
and repair funds obli-
gated (EEIC 521 and 522).

Total 0O&M minor construc-~
tion funds obligated
(EEIC 529).

Total estimated dollar
amount of project
documents (DD 1391/
1391c) completed.

Total number of projects
designed (complete and
ready for acquisition
action).

Total number of facility
ingpections and utility
systems surveys com-
pleted.

Total number of special
technical studies and
reports completed.

Total funds expensed on
contract change orders.

BEAMS, AFR 86-1, AFR 89-1

BEAMS, Commandexr's Update,
AFR 86-1, AFR 89-1, USAF MCP
Guidance

BEAMS) AFR 86"1, AFR 89"1,
Commander's Update

Commander's Update

BEAMS, AFR 86-1, AFR 89-1,
Commander's Update

BEAMS, AFR 86-1, AFR 89-1

BEAMS, AFR 86-1, AFR 89-1,
Commander's Update

AFIT panel of grad students

Master's thesis (25)

AFIT faculty
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SOURCE
(Suggested by/Required by/
OUTPUT MEASURE Collected in)
1l. Number of contract AFIT faculty
change orders.
12. Total estimated dollar Researchers
amount of in-~house work
: orders designed.
13. Total service contract BEAMS

funds obligated.

14. Number of environmental AFIT faculty
assessments (EAs) and
environmental impact
statements (EISs) com=-
pleted.

g

15. Total estimated dollar BEAMS
amount of architect-~
engineer (A-E) design
acguisition packages
prepared.

[P VP SIS, T X

16. Total A-E design funds AFR 86-1
obligated.

17. Number of work orders AFIT panel of grad students
reviewed and/or
evaluated.

. 18. Number of technical Researchers
reviews accomplished on
designed projects.

19. Number of militazry Researchers
family housing (MFH)
ingpections completed.

20. Pages of project speci- AFIT faculty

fications.
21. Total hours of supple- DOD Instructions (43)
mental training com-
pleted.
22. Number of professional Researchers
. educational courses
- completed.
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OUTPUT MEASURE

SCURCE
{Suggested by, Regquired by,
Collected in)

23.

24.

25.

26.

Total hours comstruction
inspections completed.

Total number of oral
presentations made.

Total number of journal
articles written.

Hours of training
sessions taught/con-
ducted.

Researchers

Researchers

Researchers

Researchers




~3
s

£t
—.

T
@

ey e

§om

. ) P
RS G S -

APPENDIX C

PRODUCTIVITY MEASURE QUESTIUNNAIRE
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: SURVEY COVER LETTER AND QUESTIONNAIRE
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DEPARTMENT OF THE AIR FORCE

AIR FORCE INSTITUTE OF TECHNOLQGY (ATC)
WRIGHT-PATTERSON AIR FORCE BASE. OHIQ 45433

nervre  LSGR (LSSR 16-80)/Capt K. Kaneda/lst Lt R. Wallett/
aTwers AUTOVON 78-54698

aussscr; Base Level Civil Engineering Design Section Productivity
Measure Questionnaire

TO:

1. The attached questionnaire was prepared by a research
team at the Air Force Institute of Technology, Wright-
Patterson AFB, Ohio. The purpose of this questionnaire

is to acquire data concerning the perceptions of various
base civil engineering (BCE) managers as to what produc-
tivity measures are appropriate for the BCE design section.

2. You are requested to provide an answer or comment for
each question. Headgquarters USAF Survey Control Number
80-53 has been assigned to this questionnaire. Your
participation in this research is voluntary.

3. Your responses to the questions will be held confiden-
tial. Please remove this cover sheet before returning the
completed questionnaire. Your cooperation in providing
this data will be appreciated and will be very beneficial
in measuring the progress of the design section towards
the operation objectives of a base level Air Force Civil
Engineering organization. Please return the completed
questionnaire in the attached envelope within one week
after recelpt.

LEWIS M. ISRAELITT, Colonel, USAF 2 Atch
Dean 1. Questionnaire
School of Systems and Logistics 2. Return Envelope
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PRODUCTIVITY MEASUREMENT

Part I: Individual Information

1.

2.

Current Grade/Rank:

Current position: (circle answer)

a. Base Civil Engineer

Chief, Design section
¢. OChief, Industrial Engineering branch
d. Other (please specify)

Length of time 1a current position: Yrs. Mos.

Cumulative length of time (not necessarily ccnsecutive
in any USAF Civil Engineering organization:s

frs. Mos.

Highest level of education attained: (circle answer)

a. Completed high school
b. 1-4 years college, no degree
Agsociate's degree
d. Bachelor's degree
Graduate School, no degree
f. Master's degree
g. Doctorate's degree
h. Other (please specify)

Part I1: General Organization Information

6.

7.

Ma jor Command:

Geographical location of your base: (circle answer)

a. Northeast d. Northwest
b. North Central e. South Central
¢. Southeast . Southwest

et e e R 1Ak b . ot Bl




Part IT:+ General Organization Information (cont.)

8. Number of personnel assigned to the design section:
a. Engineers -

b. Engineering Technicians
c. Administrative
d. Other

; 9. Is the Base Engineer Automated Management System (BEAMS)
currently being used at your base? (Yes or No)

NOTE: The various output and input measures used in Part III
of this questionnaire is based on the assimption that
the data is elther available in BEAMS or collected as
part of other BCE management information systems.

(PLZASE PROCEED TO THE NEXT PAGE)
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The following definitions apply for concepts and terms used
in the remaining portion of this guestionnaire: %

Output

the quantity of goods, products, and
services produced or provided during a
specified periond of time.

Input - the guantity of resources used by the
organization during a specified period
of time; only manhours and labor cost
will be used in this questionnaire.

it it ¢ bt

Productivity

a ratio of output to input.

[ VPR WP

Design

includes review of (1) programming and
planning documents, (2) review of record
drawings, (3) necessary site visits to
verify actual conditions, (4) meetings
with using agencies to insure that their
4 functional requirements are met, (5)

- necessary research to insure compliance
- with USAF regulations, (6) development
'ﬂﬂ of drawings and specifications, (7) re-
-g1= quired final coordination and approval
procedures, and (8) compliance with
appropriate project review comments.

el

Questions 10-12: Please answer by placing an "X" above

what you feel is the appropriate category (scale shown below)

in terms of usefulness to the base civil engineering organ-
ization.

: [ ] [] [] L] [ ] [] 1]

i i 2 3 L 5 6 7

‘ Strongly Undecided Strongly

' Agree . Disagree

> 10. Productivity is the ratio of gzoods and/or services

produced to the resources used (output =— input).
o Measures are needed in the base level civil engineering
organization to detect productivity trends.

] [ 1 [l [ ] L] [ ] [ ]
1 2 3 4 5 A 7
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11.

If productivity measures were required to be formulated
and utilized by management, the following would be most
appropriate for the BCE design section:

a. Total estimated dollar amocunt of contract projects
and in-house work orders designed <~ total design

manhours for projects and work orders designed.

[] [ L[] [ 1] L] L[] L]
1 2 3 L .5 . 6 7

b. Total contract funds obligated (i.e., Military Con-
struction and Operations and Maintenance) -— total
design manhours associated with contract gunds
obligated.

L] L1 L1 L] [ ] L] L1
1 2 3 L b é

-3

c. Tetal Operations and Maintenance (0&M) contract funds
obligated (EEIC 52X) —=— total 0&M design manhours.
L1 (1 I N L1 L] L]
1 2 3 L 5 6 ?

d. Toial 0&M maintenance and repair (M&R) contract funds
obligated (EEICs 5321 and 522) -+ total M&R design
.manhours. o

L] L] [ ] Lol {1 L] [ 1
1 2 3 < 5 6 7

e. Total 0&M minor construction (MC) contract funds
(EEIC 529) obligated -~ total MC design manhours.
L] L] [ 1 [ ] L3 [ ] [ 1]
1 2 3 i 5 ) 7

f. Total estimated dollar amount of project documents
(DD 1391/1391¢) completed -— total manhours spent
preparing the project documents.

(1] L] (] ] L[] L] L]
1 2 3 4 5 6 7
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€. Total number of projects designed (complete and ready O
for acquisition action) == total design manhours. ﬁ
1 £l 31 [1 L1 [31 L[] |
1 2 .3 4 5 6 7

h. Total number of facility inspections and utility

systems surveys completed -~ total manhours to
1 complete surveys and inspections.

£l 31 [1 L1 01 [1 L2 "
1 2 3 4 5 6 7 ]
{

i. Total number of special technical studies -+ total
manhours to accomplish studies. |
[1 L] L] L] L1 £1 L] ‘
1 2 3 4 5 6 7
J. Total funds expensed on contract change orders --
total design manhours for change orders.
{1 [ L1 {1 [] [] []
1 2 3 b 5 6 7

e e e e e

B

k. DNumber of contract change orders =~ total design
manhours for change orders.

L] L] ! L1 [ 1] L] [ ]
1 2 3 L 5 6 -7

l. Total estimated dollar amount of in-house wo}k orders

designed -~ total design manhours to design work
crders.

L] L1 L] L3 L1 L1 [ ]
1 2 3 4 5 6 7

m. Total service contract funus obligated -~ total
manhours to prepare the service contructs.

L[] L] [1] [ ] L] 1] [ 1]
1 2 3 L 5 6 7
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n. Number of environmental assessments (EAs) and
envirormental impact statements (EISs) completed
-+ total manhours required to prepare EAs and EISs.

L1 L] L1 €1 L1 1 L1
1 2 3 4 5 6 7

o. Total estimated dollar amount of architect-engineer
(A-E) design acquisition packages prepared -+
total manhours to prepare.
L] L] L] L L] L1 [ ]
1 2 3 b 5 6 7

p. Total A-E design funds obligated -~ total manhours
to prepare obligated A-E design packages.
L] 1] 1] ] L] 1] 1]
1 2 3 L 5 6 7

g. Number of work orders reviewed and/or evaluated -~
total manhours required for review and evaluation.

L1 ] L] £ 1] - [ ] [ 1]
1 2 3 4 5 6 7

r. Number of technical reviews accomplished on designed

projects <~ total manhairs required for review.

L] ! L] L] 1] L] L]

1 2 3 L 5 6 7
Number of military family housing (MFH) inspectlons
completed <~ total manhours to complete inspections.
L1 L] L] L1 L1 [ 1] L]

1 2 3 L 5 6 7

NOTEs The remaining productivity measures will utilize
the same output measures above (items 1la through
11s) but with a different input measure (labor
cost) in the denominator.

9]
ol

t, Total estimated dollar amount of contract projectis

and in-house work orders designed -= total design
labor cost.

L1 L1 L1 L1 L1 L1 {1
1 2 3 b 5 6 7

it kbl et il OGN i
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u. Totzl contract funds obligated (i.e., Military Con-
struction Program and Operations and Maintenance) -
total design labor cost for contract funds.
L] L] [1] [ ] L] [1 L]

1 2 3 L 5 6 7

v. Total 0&M contract funds obligated (EEIC 52X) =
total labor cost to design obligated 0&M projects.
[ ] L] [ ] L1 L1 [ 1] []

1 2 3 L [ 6 7

w. Total 0&M maintenance and repair (M&R) contract funds
obligated (EEICs 521 and 522) -~ total M&R design
labor cost. ;

A [ 1 [ ] L1 [ 1] []
1 2 3 L 5 6 7

X. Total 0&M minor construction (MC) contract funds
(EEIC 529) obligated =~ total MC design labor cost.
1] 1] L] [ 1] L] 1 1
1 2 3 4 5 6 7

y. Total estimated dollar amount of project documents
(DD 1391/1391c) completed =~ total labor cost to
complete project documents.

L] L] [ ] ] L] L] 1
1 2 3 4 5 6 7 |

z. Total number of projects designed (complete and ready
for acquisition action) < total design labor cost.

[ ] {1 [ ] [ ] [ ] L] L]
1 2 3 k4 5 6 7

aa. Total number of facility inspections and utility
system surveys completed -+~ total labor cost to
complete surveys and inspectipns.
[ ] L] (1] L] (1] [ 1] L]
1 2 3 L 5 6 7
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bb.

ccC.

dd.

ee.,

f.

&g -

hh.

Total number of special technical studies —— total
labor cost to accomplish studies.

[ 1 L] [ 1] [1] [ ] (! [ ]
1 2 3 4 5 6 7

Total funds expensed on contract change orders =
total design labor cost for change orders.
L1 L] L1 1I1 [1 [ [1]
1 2 3 L 5 6 7

Number of contract change orders -=- total labor cost
for changa orders.

{1 1 [1 [ 3 [ ] {3 [ ]
1i 2 3 4 5 6 V4

Total estimated dollar amcunt of in-house work orders
designed =- total design labor cost to design work
orders.

L] 1] ] [ 1] [ 1] L1 [ 1
1 2 3 L 5 6 7

Total service contract funds obligated -~ total la-
bor cost to prepare the service contracis.
(] {1 L] L1 L[] L1 [ ]
1 2 3 L 5 6 7
Number of environmental assessments (EAs) and
‘environmental impact statements (EISs) completed =
total labor cost regquired to prevare EAs and EISs.
L] L1 L] [ ] 1 L1 [ ]
1 2 3 L 5 6 7

Total estimated dollar amcunt of A-E design acquisi-

tion packages prepared -- total labor cost to prepére.

L] L1 L] L] [ ] L] [ ]
1 2 3 b 5 6 7
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11.

Total A-E design funds obligated -~ total labor cost
tc prepare obligated A-E design packages.

L1 L] L] L] [ 1] L3 L]
1 2 "3 L 5 6 7
Number of work orders reviewed and/or evaluated -~
total labor cost required for review and/or

evaluation.

[ ] L1 L1 L] [ []
1 2 3 L 5 6 7

[ ]
[}

Number of technical reviews accomplished on
designed projects =~ total labor cost required
for review.

L] L] L] L3 L1 L] L1
1 2 3 L 5 6 7

Number of military family housing (MFH) inspections
completed =~ total labor cost to complete inspections.
L] L] L] L] L] [ 1] [ ]

1 2 3 4L 5 6 7

A formal productivity program is needed by management in
the base level civil engineering organization.

L1 1] [ 1] L1 L] [1] £-1
1 2 3 o+ 5 6

-3

(PLEASE PROCEED 70 THE NEXT PACE)
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13. List any addition=l productivity measures that you have
used or feel could be used %o assist management and
which relates to the BCE design section.

COMMENTS : -

THANK YOU FOR YOUR COOPERATION

Please return completed guestionnaire in the enclosed
envelope. Use official mail as appropriate.

lo2
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PART 2

PR T

LIST OF ADDRESSEES

Designated CES
% Organization Number

l. Air Defense Command ({(ADC)

‘.’ e ok

-4 Duluth International Airport MN 55814 4787
P Hancock Field NY 13225 4789
& Kingsley Field OR 97601 827
PR
W#* 2. Air Force Logistics Command (AFLC)
. Hill AFB UT 84056 2849
i MeClellan AFB CA 95652 2852
! Robbins AFB GA 31098 2853
Ty Tinker AFB OK 73145 2854
o Wright-Patterson AFB COH 45433 2750
; 3. Air Force Systems Command (AFSC)
. . Edwards AFB CA 93523 6510
Lo Eglin AFB FL 32542 3202
[ Hanscom AFB Ma 01721 3245
a4 Patrick AFB FL 32925 6550
4. Air Training Command (ATC)
Chanute AFB IL 61868 3345
Columbus AFB MS 39701 14
Goodfellow AFB TX 76903 3480
L Keesler AFB MS 39534 3380
S Laughlin AFB TX 78840 47
Lowry AFB CO 80230 3415
Mather AFB CA 95653 323
= Maxwell AF® AL 36112 3800 .
o Reese AFB TX 794E9 64 C
o Sheppard AFB TX 73511 3750
o Williams A¥B AZ 85224 80 r
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Military Airlift Command (MAC)

Designated CES
Organization Number

Altus AFB OK 73521
Andrews AFB MD 20331
Bolling AFB DC 20332
Charleston AFB SC 29404
Dover AFB DE 19901
Kirtland AFE NM 87117
Little Rock AFB AR 72076
McChord AFB WA 98438
McGuire AFB NJ 08641
Norton AFB CA 92409
Pope AFB NC 28308

Scott AFB IL 62225
Travis AFB CA 94535

Separate Operating Agency

U.S. Air Force Academy CO 80840

Strategic Air Command (SAC)

Barksdale AFB LA 71119
Beale AFB CA 95903
Blytheville AFB AR 72315
Carswell AFB TX 76127
Castle AFBE CA 95342
Dyess AFB TX 79607
Ellsworth AFB SD 57706
Fairchild AFB W2 99011
F.E. Warren AFB WY 82001
Grand Forks AFB ND 58205
Griffiss AFB NY 13441
Grissom AFB IN 46971
K.I. Sawyer AFB MI 49843
Loring AFB ME 04751
Malmstrom AFB MT 59402
March AFB Ca 92518
McConnell AFB KS 67221
Minot AFB ND 58701
Offutt AFB NE 68113
Pease AFB NH (03801
Peterson AFB CO 80914
Plattsburg AFB NY 12903
Vandenberg AFB CA 93437
Whiteman AFB MO 65301
Wurtsmith AFB MI 48753

104
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Designated CES
Organization Number

Tactical Air Command (TAC)

Bergstrom AFB TX 78743 )
Cannon AFB NM 88101 27
Davis Monthan AFB AZ 85707 355
England AFB LA 71301 23
George AFB CA 92392 35
Gila Bend AFS AZ 58
Heclloman AFB NM 88330 49
Homestead AFB FL 33039 31
Hurlburt Field FL 32544 834
Indian Springs AF AUX FLD NV 89018 57
Langley AFB VA 23665 1
Luke AFB AZ 85309 58
MacDill AFB FL 33608 56
Moody AFB GA 31601 347
Mountain~-Home AFB ID 83648 366
Myrtle Beach AFB SC 29577 354
Nellis AFB NV 89191 57
Seymour Johnson AFB NC 27531 4
Shaw AFB SC 29152 363
Tyndalli AFB FL 32401 4756

105

e —

——

© e e

o



APPENDIX D

SAMPLE SPSS SUBPROGRAMS AND PROJECT
DATA MASTER FILE
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PART I

SAMPLE SPSS SUBPROGRAM CONDESCRIPTIVE
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o l

s LINITS ,,,15K
| s SELECT SPSS/SPSS
» RUN NANE QUEST1
}i VARIABLE LIST N1 TO N4§
INPUT FORHAT  FIXED (2(1X,A1),2(F4.2),2(1X,A1),F3.0,1X,A1,16(F2.0)/24(F2,0))

! N OF CASES 129

; INPUT NEDIUN  CARD

j VAR LABELS N1, GRADE/

. N2, POSITION/
g N3, TINE IN CURRENT POSITION/
[ N4, CUM TINE IN BCE/
!: NS, EDUCATION LEVEL./
r} Né, NAJCOM/

N7, TGTAL NBR IN DSGN SECTION/

N?, PROD MEASURES NEEDED IN BCE/

X N10,CYE PROJS & VORK ORDERS DSGND BY DSGN MHRS/
N11,TOTAL CONTR FUNDS OBLIGATED BY DSGN MHRS/
N12,EEIC 52X FUNDS OBLIGATED BY DSGN MHRS/
Ni3,H&R CONTR FUNDS CBLIGATED BY DSGN MHRS/
N14,HC CONTR FUNDS OBLIGATED BY DSGN MHRS/
N15,CUE PROJS DOCS CCHPLETED BY PREP NHRS/
N16,NBR PROJS DSGND BY DSGN MHRS/ -

N17 ,NBR FAC SURVEYS COMPLETED BY SURVEY MHRS/
N18,T0TAL NBR SPEC STUBIES BY MHRS/

Ni19,TOTAL UA CONTR CHANGE ORDERS DY DSGN NHRS/
¥20,NBR CONTR CHAMNGE ORDERS BY DSGN HHRS/
N21,CUE TH WORK ORDERS DSGND BY DSGN MHRS/
N22,SVUC CONTR FUNDS GBLIGATED BY PREP MHRS/ '
N23,MBR EA & EIS COMPLETED BY PREP MHRS/

N24,CHE A-E DSGN PXGS COMPLETED BY PREP HHRS/
N25,A-E DSGN FUNDS OBLIGATED BY PREP MHRS/

N26,HBR UORK ORDERS EVALUATED BY REVIEW NHRS/
N27,MBR TECH REVIEWS COMPLETED BY REVIEW MHRS/
N2B,KBR KFH INSPECT COMPLETED BY INSPECT MHRS/
N29,CUE PROJS & WORK ORDERS DSGND BY DSGN LBR COST/
N30,TOTAL CONTK FUNDS GBLIGATED BY DSGN LBR COST/
N31,EEIC 52X FUNDS OBLIGATED BY DSGN LBR COST/
N32,8&R CONTR FUNDS OBLIGATED BY DSGN LBR COST/
N33,HC CONTR FUNDS GBLIGATED BY DSGN LBR COST/

N34 ,CUE PROJ BACS COMPLETED BY PREP LBR COST/
H35,NBR PROJS DSGND BY DSGN LBR COST/

N36,NBR FAC SURVEYS CONWPLETED BY SURVEY LBR CDST/
N37,TOTAL NBR SPEC STUDIES BY LBR COST/

l} N8, BEANS/

los




ey

N38,TOTAL 0A CUNTR CHANGE ORDERS BY DSGN LBR COST/

N39,NBR
N4G, CUE
N41,3VC
42, NBR
N43,CHE
N4, A-E
N4S,NBR
N6, NBR
N47, NBR

CONYR CHANGE ORDERS BY DSGN LBR COST/

IH JORK ORDERS DSGND BY PREP LBR COST/
CONYR FUNDS OBLIGATED BY PREP LBR €OST/

EA 3 EIS CONPLETED BY PREP LBR CUST/

A-E DSGN PKGS CONPLETED BY PREP LBR COS7/
DSGN FUNDS OBLIGATED BY PREP LBR COST/
WORK ORDERS EVALUATED BY REVIEW LBR C0S71/
TECH REVIEWUS CONPLETED BY REVIEW LBR COST/
HFH INSPECT CONPLETED BY INSPECT LBR COST/

N48,FORMAL BCE PRODUCTIVITY PROGRAM NEEDED?T
VALUE LABELS Nt (1) HILIYARY (2) CIVILIANS/

W2 (1) BASE CIVIL ENBINEER (2) CHIEF OF DESIGN

(3) CHIEF OF IE (4) OTHER/

NS (1) HIGH SCHOOL (2) COLLEGE, NO DEGREE (3) ASSOCIATE’S DEGREE

{4) BACHELOR‘S DEGREE (5) GRAD SCH, NO DEGREE

{6) MASTER’S DEGREE (7) DOCTORATE“S DEGREE (8) OTHER/

N& (1) ADL (2) AFLC (3) AFSEC (4) ATC (5) HAC

{6) SAC

(7) TAC ¢B8) sS04/

N8 (1) YES (2) NO/

N9 TO N4g

(1) STRONGLY ASREE
{2) AGREE

{3) SLIGHTLY AGREE
(4) UNDECIDED -

(5) SLIGHTLY DISAGREE
{&) DISAGREE

(7) STRONGLY DISAGREE

SANHPLE 0.50

CONDESCRIPTIVE N9 7O H48

STATISTICS ALl
READ INPUT DATA

’ SELECTA 80A050/QUESTS,R
#RECODE Ni _
(.’Al,.'B."/CI,/n/'/E-"/F!'/G.".'H/’/‘I/"’Jf '/Kl=1 )/

N2 NS NGO NB( A"=13 (/B =2)("C =3)( D"=4) (“E’=5)
(7F726) (7G7=7)(“H =8)
FREGUENCIES GENERAL=ALL

OPTIONS 3,8,9

CROSSTABS TABLES=NY TO N48 BY NI
FINISH

$ ENDJOB
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PART II
SAMPLE SPSS SUBPROGRAM FREQUENCIES .
!
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4 SELECT SPSS/8PSS

] LIRITS ,,,13K

RUN NANE QUEST!

VARIABLE LIST N1 TO N48

INFUT FORMAT  FIXED (201X,81),2(F6422,201X,A1),F3.0,1X,A1,186(F2.0)/24(F2.0))

o N OF CASES 129
] INPUT MEDIUN  CARD
VAR LABELS N1, GRADE/

N2, FOSITION/
N3, TINE IN CURRENT POSITION/
N4, CUM TIME IN BCE/
NS, EDUCATION LEVEL/
N4, HAJCOM/
N7, TOTAL NBR IN DSGN SECTION/
N8, BEAHS/
N9, PROD MEASURES NEEDED IN BCE/
N10,CWE PROJS & WORK ORLERS DSGND BY DSGN MHRS/
N11,7T0TAL CONTR FUNDS OBLIGATED BY DSGN KHRS/
! N12,EEIC 52X FUNDS OBLIGATED BY DSGN HHRS/
1 N13,M8K CONTR FUNDS OBLIGATED BY DSGN HMRS/
o N14,HC CONTR FUNDS OBLIGATED BY DSGN HHRS/
; N15,CWE PROJS DOCS CUMPLETED BY FREF MHRS/
: N16,NBR PKOJS DSGND BY DSGN MHRS/
: N17,NBR FAC SURVEYS COMPLETED BY SURVEY MHRS/
i N18,TOTAL NBR SPEC STUDIES BY MHKS/
| N19,TOTAL Of CONTR CHANGE ORDERS BY LSGN MHRS/
N20,NBR CONTR CHANGE ORDERS BY DSGN HHRS/
N21,CUE IH WORK GRDERS DSGND BY DSGN #HRS/
N22,5VC CONTR FUNDS OBLIGATED BY PREP MHRS/
K23,NBR EA & EIS COMPLEYED BY PREP HHKS/
24,CUE A~E DSGN PKGS COMPLETED BY PREP MHRS/ )
N25,A-E DSGN FUNDS OBLIGATED BY PREP MHKS/
N26,NBR WORK ORDERS EVALUATED BY REVIEW NHRS/
427 NBR TECN REVIEUS COMPLETED BY REVIEW MHKS/
N28,NBR MFH INSPECT COKPLETED BY INSPELT MHRS/
N29,CHE PROJS & YOKK ORDERS DSGND BY DSGN L8R COST/ {
N30,TOTAL CONTR FUNDS GBLIGATED BY DSGN LBR COSYV/ !
: N31,EEIC 52X FUNDS GBLIBATED BY DSGN LBR COST/ 3
- N32,M4R CONTK FUNDS OBLIGATED BY USGN LBR COST/ 1
N33,MC CONTR FUNDS OBLIGATED BY DSGN LBR COST/
N34,CUE PROJ DOCS COMPLETED BY FREP LBR CUST/ j
N3S,NER PROJS DSGND BY DSGN LBR COST/ I
: M36,NBR FAC SURVEYS COMPLETED BY SUKVEY LBR COST/ ;
B N37,TOTAL NBR SPEC STULIES B8Y LBR COST/
' N3B,TOTAL DA CONTR CHANGE URDERS BY DSGN LBR COST/

PSS
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N39,NBk CONTR CHANGE ORDERS BY DSGN LBR COST/
N40,CWE IH WOKK ORDERS DSGND BY PREP LER CJ5T/
N41,SUC CORTR FUNDS OBLIGATED BY PREF LBR COST/
N42,NBR EA & EI§ COMPLETED BY PREP LBR COS1/
N43,CUE A-E DSGN PKGS CONPLETED BY PREP LBR CUST/
N44,A-E DSSN FUNDS OBLIGATED BY PREP LBX COST/
N4%,NBR UORK URDERS EVALUATED BY REVIEW LBR COST/
N46,NER TECH REVIEWS COMPLETED BY REVIEW LBR COST/
N47,NBR MFH INSFECT COMFLETED BY INSPECT LER COST/
N48,FORMAL BCE PRODUCTIVITY PROBRAM NEEDED?

VALUE LABELS N1 (1) MILITARY (2) CIVILIANS/
N2 (1) BASE CIVIL ENGINEER (2) CHIEF OF DESIGN
(3) CHIEF OF IE (4) OTMER/
N5 (1) HIGH SCHOOL ¢2) COLLEGE, NO DEGREE (3) ASSUCIATE’S DEG
(4) BACHELOR‘S DEGREE (5) GRAD SCH, NO DEGREE
(h) HASTER’S DEGREE (7) DOCTORATE’S DEGREE (8) OTHER/
N6 (1)ADC (2) AFLC (3) AFSC (4) ATC (5) MAC

. (6) SAC (7) TAC (8) SO0A/

¥ : N8 (1) YES (2) NO/
M N9 TU N48 (1) STRONGLY AGREE (2) AGREE (3) SL1GHTLY AGREE
"” (4) UNDECIDED (5) SLIGHTLY DISAGREE (4) DISAGREE

[ S P

N

[
D T Ny U

R

(7) STRONGLY DISAGREE

i RECODE N2C A7, 7B, °C, "D =1)
= #SELECT IF (N2 EQ 1)
FREQUENCIES  GENERAL=N9 TO N48
OPTIONS 3,8,9
STATISTICS ALL
. READ INPUT DATA
S s SELECTA BOAO50/OUEST4,R
' ' CROSSTADS TABLES=N? TO N4B BY N2
FINISH
3 ENDJOB
112
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SAMPLE SPSS SUBPROGRAM CROSSTABS
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CRP A

] SELECY
3 LIAITS
RUR NAME

VARIABLE LIST
INPUT FORMAT
N OF CASES
INFUT HEDIUN
VAR LABELS

SPSS8/5PSH

vy p 13K

GUEST!

N1 TO N48

FIXED (201X,81) (2¢F4.2), 2014 ,A1) ,F3.0,1X,AT,16(F2.0)/24(F2.0))
129

CARD

N1, GRADE/

N2, POSITION/

N3, TIME IN CURRENT POSITION/

N4, CUM TIME IN BCE/

NS, EDUCATION LEVEL/

No, NAJEOM/

N7, TOTAL NBR IN DSGN SECTION/

NB, BEANS/

N9, PRUD MEASURES NEEDED IN BCE/

H10,CUE FROJS & UWORK URDERS DSGND BY DSGN MHRS/
N11,TOTAL CONTR FUNDS DBLIGATED BY DSGN MHRS/
N12,EEIC 52X FUNDS OBLIGATED BY DSGN HHRS/
N13,H8R CONTR FUNDS OBLIGATED BY DSGN MHRS/
N14,4C CONTR FUNDS OBLIGATED BY DSGN MHRS/
N13,CUE PROJS LOCS COHRLETED BY PREF HHRS/
N16,NBR PROJS USGHD BY USGN dHRS/

N17,HBR FAC SURVEYS COMPLETED BY SURVEY MHRS/
N18,TOTAL NBR SPEC STUDIES 8Y MHRS/

N19,TOTAL 0A GCONTR CHANGLE OROERS BY USGN MHRS/
N20,NBR CONTR CHANGE URDERS BY USGN MRRS/

N21,CHE IH WORK ORDERS DSGND BY DSGN MHRS/
N22,8YC CUNTR FUNDS OBLIGATED BY PREP NHRS/
N23,NBR LA & E1S COMPLETVED BY PREP MHRS/

N24,CUE A-E DSGN FKGS COMPLETED BY PREP MHRS/
N25,A-E DSGN FUNDS OBLIGATED BY PREF MHRS/

N24 ,NBR WORK ORDERS EVALUATED BY REVIEW HHRS/
N27,NBR TECH REVIEWS COMPLETED BY REVIEW fHRS/
N28,NBR H#FH INSPECT COMPLETED BY INSPECT MHRS/
N29,CNE PROJS & WORK ORDERS DSGNU BY DSGN LBR COST/
N30,TOTAL CONTR FUNUDS OBLIGATEUL BY DSGN LBR COST/
N31,EEIC 52X FUNDS OBLIGATED BY 0OSGH LBR COST/
N32,H&K COWTR FUNDS OBLIGATED BY DBSGH LK CUST/
N33,MC CONTR FUNUS OBLIGATED kY USGN L8R CO0S1/
N34,CNE PROJ DUCS COMFLETEL BY PREP LBR COST/
N3, NBR FRUJS DSGNU UY LLGN LGR COST/

t36,NBR FAC SURVEYS LOMPLETED BY SURVEY LBR CUOST/
N37,TOTAL NBR SPEC STUDIES pY LBR €OST/

N38,70TaL 0A CONIR CHANGLE OUKLERS §Y USGN Lbit C0ST/
N37,NBR CONTR CHANGE ORDLRS BY DSGN LUK COSI/
N40,CWE IH WORK URDERS DWGND BY FPREP LBR LOST/
#41,5VC CONIK FUNDS UBLIGA!ED BY PR&F LBR CLUST/
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[ S

VALUE LABELS

RECODE

*SELECT IF
FREQUENCIES
0pTICONS
STATISTICS
READ INPUT DATA
] SELECTA
#SELECT IF
FREQUERCIES
GrTlung
STATISTICS
48ELECT IF
FREGUENCIES
CFTIONS
STATISTICS
#GELECT IF
FREQUENRIES
CFTLONS
STATISTICS
CROSSTABS
FINISH

3 ENDJGs

n4s,XBR EA 3 LIS COMPLETED BY FREP LBR CO&7/

H43,CNE A-E J5GN FnGS COMPLETED BY FREF LBR COST/
N44,A-E DSGN FUWKGS QRBLIGATED 3 PREP LBR COST/
N45,NBR WORK ORDERS EVALUATED BY REVIEW LBR £GST/
N46,NBRR TECH RZVIEWS CIMPLETED SV REVIEW L% COSY
NAZ, HUBR WFH INSPECT COMFLETED BY INSPECT LaRr LGST1/
N48,FORN~L ECE PRODUCTIVITY FROGRAM NEEDED?

NI (1) MILITARY (2) CIVILIANS/

N2 (1) BASE CIVIL ENGINEER (2 CHier u7 DESIGN

(3) CHIEF OF IE (4) CTHER/

N9 (1) HiGk SCHOOL (2) COLLEGE, NO DEGREE (3) ASSCCIATE-S UEGREE
{4) BACHELOR’S DEGREE (T) GRAD 3Ch, NO DEGREE

(§) NASTER’S DEBGREE (7) DOCTGRATE-S DEGREE (8) OTHER/
N& (1)aDC (2) arll {(3) AFSS (1) ATC (3) HAC

(a7 SAC (7) Vafh (d) 504/

NG (1) YES {2) NUO/

N9 TO H48 (1) STRONGLY AGREE (2} AGREE (3) SLIGHTLY AGREE
(4} UNDECIDED (S5) SLIGHTLY DiSsEREc oy DISAGREE

(#) BTRONGLY DISAGREE

N2C A7 =1) ("B =) ("L =3 ("D =4}/

N3

(LOWEST THRU 9.99=1){1.00 THRU 3.%9=2)

{4.00 THRU RIGHEST=3)/

N4

{(LOWEST THRU 0.99=1)(1.00 THRU 3.79-<.}

{(4.00 THRU F.99=3)(10,00 THRU HIGHEST=4)

(N4 EQ i

GENERAL=NY TO N48

3,8,9

aLL

30A050/QUEST 4,k
(N4 EQ 2)
GENERAL=H? TD W43
3,8,9

ALL

(N4 EQ 3)
GINERAL-NO TO NAB
3,.8,7

ALL

Gid EQ D)
GENERAL=NY TO %18
1,8,9

ALL

TABLES-N? TO N48 BY N4
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CODING SCHEMES
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QUESTION VARTABLE
NUMBER NUMBER

VALUE

CODE

1 N1

Current Grade/Rank

Current Position

Cumulative Length of
Time (in any BCE
unit)

Education

Major Command

(4)
(B)
()
(D)
(E)
™
(G)
(")
(1)
(1)
(K)

(4)
(B)

{9
™

(4)
¢:))
(C)
(D)

(A)
()
©
(D)
(E)
(F)
(®

(A)
(B)
(c)
(D)
(E)
(F)
(G)
(")

Colonel

Lt Colomnel
Major

Captain

1st Lieutenant
2d Lieutenant
GS-9

GS-10

Gs~-11

GS-12

GS~-13

Base Civil Engineer
Chief, Design Sec~-
tior

Chief, Tndustrial
Euginee 'ug Branch
Other

0-0.99 Yrs
1.00-3.99 Yrs
4,00-9,99 Yrs
10,00+ Yrs

High school
College, no degree
Assoclate's degree
Bachelor's degree
Master's degree
Doctorate’s degree
Other

ADC
AFLC
AFSC
ATC
MAC
SAC
TAC
SOA
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APPENDIX F
PARAMETRIC VALUES FOR VARIABLES
N10 THROUGH N47
|
l
|
’ |
|
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VARTABLE QUESTIONNAIRE STANDARD
NUMBER NUMBER MEDIAN MEAN DEVIATION
N10 1la 3.089% 3.612 2.051
w11 11b 4,444 4.271 2.164
N12 11c 5.219 4.775 1.921
N13 114 5.231 4. 752 1.973
N14 lle 5.219 4.713 2.028
N15 114 4.588 4,442 1.996
N16 11g 3.229% 3,744 2.173
NL7 11h 4.588 4. 4b2 1.996
N18 111 4.273 4.279 2.084
NL9 113 4.844 4.496 2.118
N20 11k 4.947 4.636 2.023
N21 111 4.720 4.326 2.077
N22 11m 4.000 4.186 2,150
N23 11n 4.625 4:465 2.088
N24 1lo 3.636% 4,062 2.022
N25 11p 4.594 4,535 1.996
N26 11q 4.000 4i194 2.118
w27 114 4.154 4{194 2.058
N28 11s 5.333 41674 2.096
N29 11t 3.692% 31969 2.110
N30 11y 4,750 41442 2.110
N3l 1lv 5.000 4,698 1.967
N32 11w 5.211 4360 1.927
N33 11x 5.316 4]915 1.941
N34 11y 4.933 41729 1.911
N35 11z 3.556% 34984 2.172
N36 1laa 4,800 4.566 2.038
N37 11bb 4.679 44558 2.019
N38 11ce 5.159 44798 1.982

*Denotes useful measures
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VARTABLE QUESTIORNAIRE STANDARD

NUMBER NUMBER MEDTAM MEAN DEVIATION
N39 1lldd 5.235 4.853 1.925
N4O llee 4,647 4.481 2.066
N4l 11££ 4.947 4.620 2.020
N42 llgg 5.118 4.744 2.001
N43 11lhh 4.750 4.527 1.992
N44 11id 5.316 4.961 1.897
N45 1133 5.025 4,744 1.942
N46 llkk 4.917 4.636 1,948
N47 1111 5.368 4,868 1.994
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PART I

. VARIABLE N10: CWE PROJS & WORK ORDERS DSGND BY DSGN MHRS

RELATIVE cuM
CATEGORY ABSOLUTE FREQ FREQ
LABEL CODE FREQ (PCT) (PCT)
. STRONGLY AGREE 1. 22 17.1 17.1
1 AGREE 2. 26 20.2 37.2
o SLIGHTLY AGREE 3. 28 21.7 58.9
Y UNDECIDED 4. 7 5.4 64.3
; SLIGHTLY DISAGREE 5. 12 9.3 73.6
o DISAGREE 6. 18 14.0 87.6
_ STRONGLY DISAGREE 7. 16 12.4 100.0
v TOTAL 129 100.0
‘ CODE
: I
l_ THARARARRERAARER Nk ok kokk (22)
I  STRONGLY AGREE
I
I
- 2. o de e ok v ek ek de dede kv ek ok ke kv e ek (26)
. I  AGREE
I
I ,
: 3, Khhkhknkk ARk hk kR kkh AR RNRRK  (08)
4 I  SLIGHTLY AGREE
I
I
4. Wk Akokdk (7) .
I  UNDECIDED
I
I
5, dkdkkkkdkwkn (12)
. I  SLIGHTLY DISAGREE
d I
T I
' 6. FEkkkkkdkkkhakkhhkhx  (18)
I  DISAGREE
I
I
7. KRB AXENEAA AR RNR (_16)
I  STRONGLY DISAGREE
I
» RN PP, P S ..
0 10 20 30 40
FREQUENCY
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PART II

VARIABLE N16: NBR PROJS DSGND BY DSGN MHRS

RELATIVE CuM
CATEGORY ABSOLUTE FREQ FREQ
LABEL CODE FREQ (PCT) (pCT)
STRONGLY AGREE 1. 25 19.4 19.4
AGREE 2. 22 17.1 36.4
SLIGHTLY AGREE 3. 24 18.6 55.0
UNDECIDED 4. 9 7.0 62.0
SLIGHTLY DISAGREE 5. 10 7.8 69.8
DISAGREE 6. 17 13.2 82.9
STRONGLY DISAGREE 7. _ 22 17.1 100.0
TOTAL 29 ~100.0
CODE
I
1., **xdhkrhhhkhbhhhhhhhhkdhthik (25)
I  STRONGLY AGREE
I
I
2. dodk dk ko k ok dekow dede deok ke dede ok ke ke (22)
I  AGREE
I
T
3. hhkhkRkhhhhhhkRhkhhhkhhkiik (24)
‘I SLIGHTLY AGREE
I
I
4. o Kk ek kA kk (9)
I  UNDECIDED
I
T
5. Thkhkdkdhkkhihn (lo)
I  SLIGHTLY DISAGREE
I
I
G, FERKARB AL L AR kA kK (17)
I  DISAGREE
I
I
T, kkkkdkddhkkhhhk bk (22)
I  STRONGLY DISAGREE
I
. U PPN PN
0 10 20 30 40
FREQUENCY
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VARIABLE N17:

PART III

NBR FAC SURVEYS COMPLETED BY SURVEY MHRS

RELATIVE CUM
CATEGORY ABSOLUTE FREQ FREQ
LABEL CODE FREQ _ (PCT) (PCT)
STRONGLY AGREE 1. 17 13.2 13.2
AGREE 2. 16 12.4 25,6
SLIGHTLY AGREE 3. 34 26.4 51.9
UNDECIDED 4. 7 5.4 57.4
SLIGHTLY DISAGREE 5. 11 8.5 65.9
DISAGREE 6. 16 12.4 78.3
STRONGLY DISAGREE 7. 28 21.7 100.0
TOTAL 129 100.0
CODE
I
l. khkkkkhkkkdkihkkdihk (17)
I  STRONGLY AGREE
I
I
2. X T2 E LR TR KT (16)
I  AGREE
I
I
3. I Z 2L RS FEERELE RIS ST RS LE S LR FX R XD (34)
I  SLIGHTLY AGREE
I
I
4. dkkhhikk (7)
I  UNDECIDED
I
I
5' dek el ok ok ke kkkk (ll)
T  SLIGHTLY DISAGREE
I
I
6- hhkhkkdkkkkikhhkhvhdh (16)
I  DISAGREE
I
I
7_ de & v de de ok e e % A A ok vk dk ok e ok o o v v e ok e ok ok W R (28)
I  STRONGLY DISAGREE
T
TeeeeseaeeToeeeeeeasTlenrenenaelenannnaasdI
0 10 20 30 40
FREQUENCY
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PART IV

VARIABLE N24: CWE A-E DSGN PKGS COMPLETED BY PREP MHRS

RELATIVE  CUM

CATEGORY ABSOLUTE FREQ FREQ

LABEL CODE___ - FREQ (PCT) (PCT)

STRONGLY AGREE 1. 15 11.6 11.6

AGREE 2. 17 13.2 24.8

SLIGHTLY AGREE 3. 31 24.0 48.8

UNDECIDED 4. 11 8.5 57.4
SLIGHTLY DISAGREE 5. 15 11.6 69.0 {

DISAGREE 6. 17 13.2 82.2
STRONGLY DISAGREE 7. 23 17.8 100.0 1
TOTAL 139 106.0 i

CODE
I

1, *kkukkkhhdhkknr  (]5)

I  STRONGLY AGREE
I
I
2. RkEkkkkkkkkkkkkxkx  (]7)
I AGREE
I . i
I |
3. PEEX 223222232223 2X 222X 2X 220 83 (31) )
I  SLIGHTLY AGREE
I
I
4_ Akkhkkkhihkikx (ll)
I  UNDECIDED
I
I |
5. kkkkkAhkkhkwkkkw  (]5)
I SLIGHTLY DISAGREE
I
I
6. R KARARRRRR NN R R (17)
I DISAGREE
I
T
7. o de gt gk vk de ke ok o e ok e o e de ke ke ke gk e Ak k% (23)

I STRONGLY DISAGREE

e gl

I

e P
0 10 20 30 40
FREQUENCY
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PART V
VARIABLE N29: C(WE PROJS & WORK ORDERS DSGND BY DSGN LB

RELATIVE CUM

CATEGORY ABSOLUTE FREQ FREQ
LABEL CODE FREQ (pCT) (PCT)
i STRONGLY AGREE 1. 21 16.3 16.3
. AGREE 2. 17 13.2 29.5 .
i SLIGHTLY AGREE 3. 24 18.6 48.1 1
! UNDECIDED 4. 13 10.1 58.1
! SLIGHTLY DISAGREE 5. 14 10.9 69.0 :
DISAGREE 6. 17 13.2 82,2 1
STRONGLY DISAGREE 7. 23 17.8 100.0 _
{'_ TOTAL 129 100.0 i
ol :
-t CODE §
! I
;! 1. *wkAwkkkdkkwekkkwkhnwx  (2])
- I  STRONGLY AGREE
, I
e I
_ 2, Fkkkkkkkkkkkkkkkh  (17) ]
= I  AGREE
I
. I
& 3, Fhkhhkhkhkdhhkhhhkwohkhhwrhddhd (24)
I  SLIGHTLY AGREE
I
I
4, Ak hkhdkdkdedhkhhha (13)
I  UNDECIDED
' I
-, I
s 5. o e Kk kv ok ok ok ok ok (14)
I  SLIGHTLY DISAGREE
I
- 6. ;********w*****w* (17)
I  DISAGREE
I
T
7. o de K A e e ke e e e ko ke ok ok ke de ke e A deke kR (23)
I  STRONGLY DISAGREE
I
I..... e U (U IO ¢
0 10 20 30 40 '
FREQUENCY
. 133




PART VI

VARIABLE N35: NBR PROJS DSGND BY DSGN LBR COST

RELATIVE CUM
. CATEGORY ABSOLUTE FREQ FREQ
. ' LABEL CODE FREQ (PCT) (PCT)
- STRONGLY AGREE 1. 21 16.3 16.3
8 AGREE 2. 20 15.5 31.8
4 SLIGHTLY AGREE 3. 23 17.8 49.6
Sl UNDECIDED 4. 9 7.0 56.6
N SLIGHTLY DISAGREE 5. 14 16.9 67.4
N DISAGREE 6. 16 12.4 79.8
e STRONGLY DISAGREE 7. 26 _20.2 100.0
; TOTAL 129 106.0~

e

!
N
E

CODE

ez

I
1. de dode ke de de ke dede e de ok ok ok dde ke dkodk ok ke (21)
I  STRONGLY AGREE
I
: I
.k 2. hkkkhkhkchhkhkhkhrhhhik (20)
. I  AGREE
. I
I
3. de d N v v e de e de deok ok de ke ok kR o e ok Kk ok (23)
I  SLIGHTLY AGREE
& T
I
4. ARk KAk Rk (9)
I  UNDECIDED
I

R I

§. khkhkdhkhdkkkbdk (14)

- I  SLIGHTLY DISAGREE
I
’ T
6. e K d de de ke e ok e ke ek ok ok ke (16)
I  DISAGREE
I
I
“. 7. hkkhhkhhkihkkhhhhhkkkkkhhrkhkkk (26)
I  STRONGLY DISAGREE
I
b SIS, SO S ) R ¢
0 10 20 30 40
FREQUENCY
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APPENDIX H

OPEN-ENDED RESPONSES TO SURVEY QUESTION 13 =--
ADDITIONAIL PRODUCTIVITY MEASURES AND
COMMENTS CONCERNING PRODUCTIVITY
MEASUREMENT
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The only additional productivity measures suggested
by the respondents which did not Auplicate measures covered
in the questionnaire were in the form of the alternate
method of productivity measurement as des~ribed in Chapter 2,
Literature Review. That is, a ratio of actual manhours
expended to estimated manhours. Since the accuracy of man-
hour estimates is gquestionable, this method of measurement
deces not appear to be practical at present; however, the
alternate metiiod of productivity measucrement should be con-
sidered in some future study.

The comments made by the respondents concerning
productivity measurement in the design section were cate=-

gorized as follows:

1. Other variables internal to the design section
such as the complexity of projects, experience of the engi-
neers, engineering discipline (i.e., civil, mechanical,
electrical), and type of project need to be considered
(N = 23).

2. The decision to use/not use the productivity
measures developed should be made by the base level managers.
A formal program could be counterproductive since the costs
of implementing and controlling the program and reporting
the results may outweigh the benefits gained. Also, with a

formal program, commanders may make judgments based on the

By o T
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productivity measures rather than trusting in the profes-
sionalism of the engineers (N = 20).
3. The productivity of professiocnals such as

engineers should not be measured since the quality of

support of base missions is a more important consideration
than achieving a quantitative standard (N = 17).

4. Other duties of design section personnel such as
briefings, training sessions, staff meetings, consultant
services, and military requirements (i.e., commander's call,
squadron duties, Air Force Assistance Fund, Air Force Asso-
ciation) need to be measured (N = 14).

5. The design section operates in a dynamic environ-
ment and the influence of external variables (i.e., project
funding, command interest, higher headguarters directives)
which arc heyond the control of this section make produc-
tivity measurement questionable, if not useless (N = 13).

6. Productivity measurement should be kept simple;
one good measure is all that is needed (N = 3).

7. Labor cost is a poor input measure since person-
nel with similar jobs and experience often receive different
salaries (N = 3).

8. Labor cost is a better input measure than man-
hours since higher graded/salaried personnel should be expected
to produce at a higher rate than the less esxperienced, lower

paid personnel (N = 2).
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